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SUMVARY: The Federal Aviation Adm nistration (FAA) is anending
the operating rules to require that certain airplanes be equi pped
wi th an FAA-approved terrain awareness and warni ng system (al so
referred to as an enhanced ground proximty warning systen).
This final rule is a general aviation regulation that affects al
U S. registered turbine-powered airplanes with six or nore
passenger seats (exclusive of pilot and copilot seating). This
change is in response to several accident investigations and
studi es that have shown a need to expand the safety benefits of
ground proximty warning systens to certain additional
operations. These investigations and studi es have al so shown
that there is a need to increase the warning tines and
situational awareness of flight crews to decrease the risk of

controlled flight into terrain accidents.
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SMALL BUSI NESS REGULATORY ENFORCEMENT FAI RNESS ACT
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Backgr ound

Beginning in the early 1970’'s, a nunber of studies |ooked at
the occurrence of “controlled flight into terrain” (CFIT)
acci dents, where a properly functioning airplane under the
control of a fully qualified and certificated crewis flown into
terrain (or water or obstacles) with no apparent awareness on the
part of the crew.

Fi ndi ngs fromthese studies indicated that many such
acci dents could have been avoided if a warning device called a
ground proximty warning system (GPW5) had been used. As a

result of these studies and reconmmendati ons fromthe National



Transportation Safety Board (NTSB), in 1974 the FAA required al
part 121 certificate holders (i.e., those operating |arge

t ur bi ne- powered airplanes) and sonme part 135 certificate hol ders
(i.e., those operating |large turbojet airplanes) to instal

Techni cal Standard Order (TSO approved GPWS equi pnent

(88 121.360 and 135.153). (39 FR 44439, Decenber 18, 1974).

In 1978 the FAA extended the GPWS requirenent to part 135
certificate holders operating snmaller airplanes: turbojet-
powered airplanes with 10 or nore passenger seats. These
operators were required to install TSO approved GPWS equi pnent or
alternative ground proximty advisory systens that provide
routine altitude callouts whether or not there is any inm nent
danger (8§ 135.153). (43 FR 28176, June 29, 1978). This
requi renent was consi dered necessary because of the conplexity,
size, speed, and flight performance characteristics of these
ai rpl anes. The GPW5 equi pnent was consi dered essential in
hel ping the pilots of these airplanes to regain altitude quickly
and avoi d what could have been a CFIT accident.

Installation of GPWS's or alternative FAA-approved advi sory
systens was not required on turbo-propeller powered (turboprop)
ai rpl anes operated under part 135 because, at that tinme, the
general consensus was that the perfornmance characteristics of
turboprop airplanes made them | ess susceptible to CFIT acci dents.
For exanple, it was thought that turboprop airplanes had a

greater ability to respond quickly in situations where altitude



control was inadvertently neglected, as conpared to turbojet

ai rplanes. However |ater studies, including investigations by
the NTSB, anal yzed CFIT accidents invol ving turboprop airplanes
and found that many of these accidents could have been avoided if
GPWS equi pnent had been used.

Sone of these studies also conpared the effectiveness of the
alternative ground proximty advisory systemto the GPWs. GPW5
was found to be superior in that it would warn only when
necessary, provide maxi mumwarning tinme with m nimal unwanted
al arns, and use command-type war ni ngs.

Based on these reports and NTSB reconmendations, in 1992 the
FAA anended 8§ 135.153 to require GPWS equi pnrent on all turbine-
powered airplanes with 10 or nore passenger seats. (57 FR 9944,
March 20, 1992).

After the current rules were issued, advances in terrain
mappi ng technol ogy permtted the devel opnent of a new type of
ground proximty warning systemthat provides greater situational
awar eness for flight crews. The FAA has approved certain
installations of this type of equipnent, known as the enhanced
ground proximty warning system (EGPW5). However, in this final
rule, the FAA is using the broader term“terrain awareness and
war ni ng systenmi (TAWS5) because the FAA expects that a variety of
systens may be devel oped in the near future that would neet the

i nproved standards contained in this final rule.



The TAWS i nproves on existing GPWS systens by providing the
flight crew much earlier aural and visual warning of inpending
terrain, forward | ooking capability, and continued operation in
the | andi ng configuration. These inprovenents provide nore tine
for the flight crew to make snoot her and gradual corrective
action.

In 1998, the FAA issued Notice No. 98-11, Terrain Awareness
and Warning System (63 FR 45628, August 26, 1998), proposing that
all turbine-powered U S. -registered airplanes type certificated
to have six or nore passenger seats (exclusive of pilot and
copi |l ot seating), be equipped with an FAA-approved terrain
awar eness and warning system This final rule is based on Notice
No. 98-11.

NTSB Reconmmendat i ons

Foll owi ng the investigation of a CFIT accident south of
Dulles International Airport on June 18, 1994, involving a
Learjet 25D in which there were 12 fatalities, the NTSB
recommended (Recommendati on A-95-35) that the FAA nandate that
all turbojet-powered airplanes equi pped with six or nore
passenger seats have an operating ground proximty warni ng system
installed. That recomendati on al so nmade reference to an
earlier, simlar NISB recomendati on (Recommendati on A-92-55)
resulting froma 1991 CFIT accident involving a Beechjet 400.
Both planes were corporate jets flying under part 91 and were not

requi red to have GPWS equi pnent install ed.



More recently, the NTSB i ssued Recommendati on A-96-101
based on its investigation of a CFIT accident northeast of Cali,
Col unmbi a, on Decenber 20, 1995, involving an Arerican Airlines
Boei ng 757 airplane operating under part 121, which resulted in
159 fatalities. Although the airplane involved in the accident
was equi pped with the mandatory GPW5, the GPWS did not provide
the warning in tinme for the crew to avoi d the nountai nous
terrain. The NTSB recommended that the FAA exam ne the
ef fecti veness of the enhanced ground proximty warning system
and if found effective, require all transport-category airplane
to be equipped with this system
Vol pe National Transportation Systens Center Studies

In recent years, the FAA conmm ssioned two studies by the
Department of Transportation’s (DOT) Vol pe National
Transportation Systens Center (VNISC) to exam ne the
effectiveness of GPW5 and EGPWS in preventing CFIT accidents in
various airplane categories and operations. The two studies,
hereafter called the Vol pe part 91 study and the Vol pe part
121/ 135 study, analyzed CFIT accidents during the period 1985-
1995 and found that EGPWS coul d have prevented 95-100 percent of
t hese accidents. (For nore detail on these studies, see: DOT-
TSC- FA6D1- 96- 01, and DOT- TSC- FA6D1- 96- 03, both entitl ed,
“Investigation of Controlled Flight Into Terrain”, which are

i ncluded in the public docket.)



In the Vol pe part 91 study VNTSC concl uded that *equi pping
aircraft wth GPW5, or EGPW5 when it becones avail able, could be
a particularly effective neans of preventing CFIT accidents in
the subject FAR Part 91 aircraft fleet.” Likew se, in the Vol pe
part 121/135 study, VNTSC concluded that there was conpelling
evi dence of the potential effectiveness of EGPWS in preventing
CFI T accidents because the equi pmrent woul d have provi ded the sane
or increased warning durations over GPWS. In addition, flight
crews, given a continuous terrain display, could have responded
to terrain threats well before an EGPWS al ert.

Di scussi on of Comrents

The FAA received over 200 comments in response to the
Terrai n Awareness and VWarni ng System NPRM (63 FR 45628, August
26, 1998). After careful analysis of these comments, the FAA has
made the foll ow ng changes between the NPRM and the final rule:

1. The final rule is not applicable to parachute
operations, aerial application operations, and firefighting
oper ati ons.

2. The final rule is applicable to airplanes “configured”
with 6 or nore passenger seats, not to airplanes “type
certificated” for 6 or nore passenger seats.

3. The final rule addresses two cl asses of TAWS equi pnent,
Class A and Cass B. A new TSO, TSO C151, includes the
ai rworthiness requirenents for both Class A and Cass B

equi pnent. Class A equipnent will be required for airplanes



operated under part 121 and part 135 of 10 or nore passenger
seats; this class of equipnment will be the sane as originally
proposed. Cass A equi pnent includes current GPWS required
functions. Installers of Class A equipnment required by this rule
must install a terrain situational awareness display. Cass B
equi pnent will be required for airplanes operated under part 91
with 6 or nore passenger seats and for airplanes operated under
part 135 with 6-9 passenger seats. Cass B equi pnent i ncludes
the basic TAWS safety features. These changes, in response to
the coments, for airplanes operated under part 91 with 6 or nore
passenger seats and airplanes operated under part 135 with 6-9
passenger seats, wll reduce the initial cost of purchasing and
installing TAW5, while continuing to provide the desired | evel of
safety.

A summary of the comrents and an expl anati on of the changes
made in the final rule in response to those comments appear
bel ow.

Approxi mately one-half of the comments were from i ndividuals
associ ated with parachute operations (skydivers and parachuti sts;
skydi vi ng and parachute operators; and associations). 1In
addition, a total of 254 formletters from parachute participants
and operators were submtted opposing the installation of TAW or
EGPWS i n turbine-powered airplanes used in parachute activities.

These commenters state that the proposed rule would be



financially burdensone and woul d add no foreseeabl e safety
benefit to parachute operations.

The remai ning cooments were fromvarious part 91 and part
135 operators (e.g., cargo, charter, and corporate operations)
and their representative organizations; sonme part 121 operators
and/or their representatives; and a comment from an EGPWS
manuf acturer, Allied Signal.

The foll ow ng di scussion summarizes these comments by the
followi ng issue areas: Applicability; Comrents to NTSB
recomendati ons; NPRM acci dent anal ysis; Conments on Cost of
TAWS, GPWS/ TAWS t echnol ogy; TSO comments; suppl emental type
certificates; training; other governnent/industry efforts;
conpliance schedul e; and m scel | aneous comments.

Applicability

The FAA proposed addi ng 88 91.223, 121.354, and 135.154 to
require the installation of FAA-approved terrain awareness and
war ni ng systens (TAWS) on certain airplanes. For operations
under part 121, the rule would apply to all turbine-powered
ai rplanes. For all other operations (parts 91, 125, 129, and
135) the FAA proposed that the rule apply to all turbine-powered
ai rplanes type certificated to have six or nore passenger seats,
excl uding any pilot seat.

Applicability to the Parachute | ndustry

Parachut e operators and parachutists say that they should be

exenpt fromthe proposed rule. They state that the nature of
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parachut e operations makes GPW5 and TAWS unnecessary. The U. S
Par achut e Associ ation (USPA) and the Parachute I ndustry

Associ ation strongly object to the mandatory installation of TAWS
for airplanes used in parachute operations. The follow ng

argunents are presented by the parachute industry:

Parachuting is primarily a visual flight rules (VFR)
activity, conducted during the day, during which terrain
is always visible and weat her conditions are good.
Cccasional ly, parachute operators fly in instrunment
flight rules (IFR) conditions, e.g., to ferry an

ai rpl ane, but these operations are performed with no

passengers.

Parachuting is primarily done in the proximty of the
departure airport (usually within a 10-mle radius) and
the pilots are famliar with the obstacles and terrain

features around their hone fields.

Parachutists are the passengers in these airplanes (not
the traveling public, which the proposed rule is seeking
to protect). These airplanes are used only as a neans
for the parachutists to get to altitude for junping.

Par achut e operati ons have not been associated with CFIT
accidents. Sone commenters state that the NPRM cites no
such accidents in parachute operations. Therefore, the

commenters do not believe GPWs or TAWS woul d have nmade a
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di fference in the outcones of any accidents involving
par achut e operations.

USPA and other commenters fromthe parachute industry go on
to say that since TAWS woul d provide no safety benefit to
parachute operations, they should not have to bear the cost of
installing TAWS on these airplanes. Sonme commenters add that
t hese costs woul d be especially burdensone to snall operators who
al ready have a very small profit margin, which could result in
their going out of business. Several commenters believe that the
cost of installing TAW on turbine-powered airplanes used in
parachute operations could result in some operators swtching
back to using ol der and smaller non-turbine airplanes, which
woul d have a negative effect on the growh and safety of the
parachute industry.

The FAA agrees with the comrenters. Parachute and skydi vi ng
operations are unique in that operations are conducted under VFR
conditions, in close proximty to the hone field, with constant
reference to the ground. Furthernore, there are only a smal
nunber of airplanes involved in these types of operations. The
FAA has changed 8 91.223 in the final rule to exclude airplanes
when used for parachute operations and operated within 50 mles

of the home airport.

Applicability to Oher Part 91 Operations
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The National Business Aviation Association (NBAA) recomrends
t hat the FAA exenpt turbine-powered airplanes operated under part
91 fromthe rule because part 91 allows operators the flexibility
“to equip their aircraft as necessary to acconplish the m ssions
set forth by the conpany.” The NBAA cites the safety record of
corporate operations under part 91. The Aircraft Omers and
Pil ots Associ ation (AOPA) reconmends applying the proposed rule
only to large turbojet airplanes used in conmercial passenger-
carrying operations. Several other part 91 operators also state
that they should be exenpt fromthe proposed rule.

The FAA disagrees wth these commenters for the foll ow ng
reasons: 1) Two of the three NTSB recommendati ons di scussed
earlier were based on CFIT accidents involving airplanes
operating under part 91. 2) The nunber of CFIT accidents
occurring in part 91 operations is excessively high. 3) The
Vol pe part 91 study provides evidence that TAWS woul d have
prevented 95 percent of the CFIT accidents studi ed.

Rayt heon Aircraft Conpany (Raytheon) recommends applying the
proposed rule to airplanes operated under part 135 and part 121
and exenpting part 91 operations. Raytheon requests that the FAA
make available the data it conpiled fromthe Vol pe part 91 study
of the forty-four accidents which was stated in the NPRM before
issuing any final rule for part 91 operations.

Rayt heon proposes excl udi ng turbo-propeller airplanes

operated under part 91 fromthe requirenment of installing TAWS.
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As a second alternative, Raytheon proposes applying this

requi renent to turbine airplanes categorized at a m ni mum gross
wei ght of 19, 000 pounds (maxinmum certificated weight for a
commut er category airplane), or a mninmmgross weight of 12,500
pounds (FAA's defined certificated weight of a |arge airplane).
Some commenters state that CFIT accidents have not been a probl em
for part 91 operations and that GPWS/ TAWS is therefore
unnecessary.

The FAA di sagrees wth Raytheon and ot her comrenters who
oppose TAWS on turboprop airplanes and has determ ned that
t urboprop airplanes should continue to be covered. A study done
for the FAA as part of the 1992 rul emaki ng anendi ng part 135,
requiring GPW5 equi pnent, revealed that turboprop airplanes have
just as many, if not nore CFIT accidents than turbojet airplanes.
In fact, the Vol pe part 91 study shows that 33 of 44 CHIT
accidents invol ved turboprop airpl anes.

A part 91 turboprop airplane operator states that he
operates his airplanes in famliar terrain and that GPW5 i s
unnecessary for his operations. The operator is involved in
aerial applications and states that his operations are within 50
feet of the ground which would result in continuous nuisance
alerting from TAW5, therefore this equipnent is unnecessary.
This commenter adds that the rule should nake exceptions for
operations such as his which operate airplanes with a payl oad

capacity in excess of 6,000 pounds.
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The FAA agrees with the comenter that operations involving
aerial applications should be excluded. Therefore the final rule
has been changed in § 91.223 so that it does not apply to
ai rplanes used in aerial applications or agricultural operations.

Rayt heon and ot hers reconmend rewording “type certificated
with. . . .” toread “configured with. . .”. These commenters
say that rewording the text will permt the type of TAW
equi pnent installed to be determ ned by the nunber of seats
installed in the airplane, rather than the maxi num nunber of
seats permtted by the certification basis. Simlarly, the
Regi onal Airline Association (RAA) and a part 135 cargo operator,
request that proposed 88 91.223 and 135. 154 be revised to repl ace
“certificated to have” with “having.”

Federal Express believes that airplanes type-certificated as
cargo airplanes that do not carry passengers should not be
required to install TAWS as proposed by the NPRM Federa
Express al so believes that the Fokker airplanes, which were
converted froma passenger to a cargo-only configuration, should
not have been covered by the NPRM Federal Express requests the
FAA to anmend the NPRM to expressly exclude cargo-only airplanes.

The FAA agrees with the commenters’ recommendations that the
equi pnent requirenents be determ ned by the nunber of seats. The
FAA has changed the final rule in 88 91.223 and 135. 154 so that
the words “type-certificated to have six or nore passenger seats”

are changed to “configured with six or nore passenger seats.”
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In response to Federal Express and others who state that
passenger-carryi ng planes converted to cargo planes shoul d not
have to conply with the rule, the FAA partially agrees in that if
the airplane (cargo carrying or not) is configured with fewer
than 6 passenger seats and is operating under part 91, then TAWS
is not required. However, for operations conducted under part
121 (cargo carrying or not), TAWS is required regardl ess of the
nunber of passenger seats. Under existing rules, the FAA
requires GPWS for part 121 regardl ess of the nunber of seats and
is continuing to maintain the sane safety standard.

In addition many airplanes operating under part 121 have
ol der nodel GPWS equi pnent. Sone of the NTSB recomendati ons
di scussed earlier include sub-recommendati ons that the FAA
mandat e repl acenent of the ol der equi pment with nore nodern
equi pnent. This final rule also responds to such
recommendat i ons.

The FAA disagrees with the commenter that cargo airpl anes
shoul d be exenpt fromthe rule. Specifically in § 121.360, the
use of GPWS is required on turbine-powered airplanes operated
under part 121. In this rule the FAAis maintaining the existing
GPWS requirenents (which also neets the | CAO requirenents) by
requi ring TAWS that includes GPWS functi ons.

Applicability to Part 135 Operations

The National Air Transportation Association (NATA) and

several part 135 operators ask why the FAA has put part 135
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operators into the sane category as part 91 operators. These
comenters object to the FAA's use of part 91 accident statistics
to justify requiring TAWS for them The NATA states that the
prem se for this rulemaking is unfounded due to the FAA's failure
to specifically review the part 135 on-denmand community. The
NATA contends that the | ack of consideration of these specific
types of airplanes and operations fails to provide conplete data
that is necessary to justify the application of a rule of this
magni tude to this industry segnent.

The NATA recommends that the FAA conduct a study of
acci dents involving airplanes operated on-demand under part 135.
These commenters suggest that a new cost/benefit analysis, and a
new Initial Regulatory Flexibility Determ nation and Anal ysis
based on the study suggested woul d provide an accurate
representation of the true cost to part 135 operators. The
NATA' s position is supported by a nunber of part 135 on-demand
charter operators.

A charter operation states that turbine-powered airplanes
with fewer than 10 seats should not be required to instal
GPWS/ TAWS because nost CFI T accidents have involved | arge
commercial jets.

The Hel i copter Association International (HAI) supports the
position of the Alaska Air Carriers Association (AACA) and ot hers
who want part 135 operators exenpt fromthe TAWS requirenent.

The HAI says that “industry and governnent resources are finite,
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and that TAWS does not prom se to advance the cause of aviation
safety enough to justify the costs involved at this tine.”

In the prelimnary regulatory analysis the FAA did not
specifically evaluate part 135 accidents. However, the FAA
determ ned that the airplanes that are frequently found in part
135 on-denmand operations are the sane type that are typically
operated in part 91. Therefore, the FAA extended the part 91
analysis to part 135 operations.

The operating rules of part 91 apply to all airplanes,

i ncl udi ng those operated under parts 121 and 135. The Vol pe part
91 study supports the use of this equipnent on the types of
ai rpl anes used by both parts 91 and 135.

In addition, the Vol pe studies confirned that conpared to
the GPW5, the TAWS equi pnent provides earlier audio and visual
alerts. In fact, in the Vol pe part 91 study the GPWS system used
for conparison purposes was the nost advanced GPW5 system In
reality many of the GPWS systens in service are the ol der
versions that have been plagued wi th nui sance and fal se al arns.

The HAlI opposes any attenpt to extend the TAWS requirenment
to rotorcraft and says that the decision whether to use TAWS
should be left up to each rotorcraft operator “who is best able
to weigh the substantial costs involved against the safety

benefit that may be obtained.”
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In response to HAI's comment on requiring TAWS for
rotorcraft, the FAA did not receive any comments that would
justify extending this rule to rotorcraft at this tine.

A comrenter that operates a Pilatus/Fairchild PC-6 with a
maxi mum of 11 seats, s against requiring TAW for “charter in
t he bush” type operations. The conmenter says that “the PC-6 was
designed to | and on nost of the terrain a Gound Proximty
War ni ng System woul d request a pilot to avoid.”

The FAA disagrees. This type of operation is ideal for use
of TAWS equi pnent because bush flying frequently invol ves
operating over rugged terrain where TAW is nost val uabl e.
However, for the | andi ng phase of these types of operations, it
IS possible to custom ze the terrain data base during the
installation approval process.

One commenter says that there are many part 135 snal
ai rplane freight operators who use airplanes that are not
requi red to have radar equi pnent installed; and these airpl anes
often have entirely mechani cal instrunment panels. The commenter
concl udes that, these airplanes would not be equi pped to provide
a displ ay.

The FAA has determ ned that airplanes configured for fewer
than 6 seats and operated under part 91 or part 135 shoul d
continue to operate without a terrain awareness and warni ng
system These airplanes are not affected by this rul emaki ng

action. In addition, the FAA has nodified the requirenent for
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ai rplanes configured with 10 or nore seats under part 135. These
ai rpl anes nust be operated with a terrain situational display to
nmeet the requirenents of this rule.

Applicability to Turbo-Propeller Airplanes

Pi edmont Airlines, in conjunction with US Airways, proposes
exenpting turbo-propeller airplanes fromthe proposed rule
because many of these airplanes have only recently been equi pped
wth GPW5. This comrenter questions the benefit of replacing
| ater generation GPWS with TAWS when the effectiveness of the
newly installed GPW5 has yet to be tested.

Pi ednmont Airlines also points out that nost CFIT accidents
w th GPW5 equi pped airplanes occurred in foreign territory and
that due to their limted flying range, U S. part 121 turboprop
ai rpl anes do not operate abroad. Piednont Airlines asks the FAA
to issue a supplenental notice of proposed rul enaking (SNPRM to
address turboprop airplanes separately.

The FAA agrees that the accident history data does not
conclusively prove that the currently nmandated GPWS i s not
effective in resolving the problemof CFIT accidents. However,
the FAA has determ ned through the Vol pe part 121 study that TAWS
woul d have prevented CFIT accidents that current generation GPW5
did not prevent. Due to the continued CFIT risk exposure with
GPW5, the FAA is requiring TAWS.

The FAA acknow edges that the majority of CFIT accidents

have occurred in foreign territory. However, a significant
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nunber of CFIT accidents still occur in the US. wth turboprop
ai rpl anes equipped with GPWs. In regards to the commenter’s
assertion that U S.-registered part 121 airplanes have a limted
flying range, the FAA notes that many operators are | ocated near
and fly into foreign territory where CFI T acci dents have
occurred; e.g., Canada, Mexico, and the Cari bbean. The
comenters have not provided any information to substantiate the
need to further delay this action and there is no reason to

beli eve new i nformati on woul d be obtai ned through publication of
a suppl enental notice.

Applicability to Reciprocating-Powered Airplanes

The FAA proposed that the rule apply only to turbine-powered
airplanes. Additionally, the FAA specifically requested coments
on whether it should require the installation of TAWS on
reci procating engi ne- powered airpl anes.

The General Aviation Manufacturers Association (GAMA) is
agai nst requiring TAWS on reciprocati ng-powered airplanes because
the costs would be high (e.g., “TAWS equi prrent woul d cost nore
than the hull value of the aircraft”), and the panel space for
installing TAWS with a situational display is not available in
t hese airpl anes.

The FAA did not receive any comrents that would justify
undertaki ng a new rul emaki ng project to nmandate TAWS for

reci procati ng- powered airpl anes.
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However, regarding the issue of panel space, the FAA knows
of at | east one manufacturer who has devel oped a conpl ete TAWS
unit that was designed to replace an existing panel instrunent.

Applicability to Forei gn—Regi stered Airplanes

The Aerospace Industries Association (Al A) says that the
| anguage under proposed 8§ 91.223 nmakes reference only to U S. -
regi stered airplanes and provi des an unstated exenption for
ai rplanes of foreign registry. The Al A says that the proposed
rul e does not address those cases where “the production process
requires that manufacturers operate production airplanes that
have been issued a Standard Certificate of Airworthiness.” The
Al A adds that, “while at this tinme the equipnent is not of U S
nor foreign registry the manufacturer would appear to be in
violation of FAR Part 91 requirenents during the production
process if terrain awareness and warni ng systens have not been
installed.” The AlA says that the rul e | anguage shoul d be
changed to address this issue.

The I ndependent Pilots Association (IPA) recommends that
TAW5 be a uniformrequirenment for all airplanes over which the
FAA has jurisdiction and not exclude foreign-registered airpl anes
operating in the United States.

The FAA's response to these coments is that the FAA is
addressing requirenments for foreign-registered airplanes through
the | CAO process, which may result in all nations adopting the

TAWS standard. Regarding AlA's comment about airplanes that have
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been operating under a standard airworthiness certificate prior
to foreign registry, the FAA does not agree that there is a
probl em here. The mgjority of the manufacturers are including
TAWS as standard equi pnment in new production nodels. Also, there
are rules that the FAA has in place for ferrying airplanes to
foreign countries that would allow for airplanes being exported
that do not neet U. S. requirenents.
Comments to NTSB Recomendati ons

The NTSB states that the NPRMis responsive to
recommendati ons A-95-35 and A-96-101 by proposing that TAWS be
installed on all turbine-powered airplanes with 6 or nore
passenger seats. If inplenmented, the NTSB contends that the rule
wll “have a positive affect on aviation safety by reducing the
opportunities for CFIT accidents.”

The NBAA coments on NTSB reconmmendati ons A-92-55 and A-95-
35, which recommended that all turbojet powered airplanes with
Si X or nore passenger seats have an operating GPWS system
installed. The NBAA states that these recomendations are
fl awed, because the accidents pronpting these reconmendations
were due to many contributing factors (a hi gh-speed unstable
approach, mnimally experienced crew, fuel shortage, marginal
weat her conditions, low visibility). The NBAA does not believe
TAWS equi pnent coul d have prevented these acci dents.

The FAA is confident in both the validity of the Vol pe part

91 study and its conclusion that the accidents could have been
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avoided if the airplanes had been equi pped with TAWS. As
described in the NPRM a CFIT accident occurs when a properly
functioning airplane under the control of a fully qualified and
certificated crewis flown into terrain (or water or obstacles)
w th no apparent awareness on the part of the crew. By the
nature of this definition, it is obvious that there had to be
ot her contributing factors causing the crew to | ose situational
awar eness, otherw se there would not have been a crash. However,
the other contributing factors do not include airplane
mal functions or incapacitated crew, they generally include
situations such as low visibility, inclement weather conditions,
and being lost. The TAWS caution alert would have given the crew
sufficient time to analyze the situation, then take corrective
action. Finally, the warning alert to “pull up” would have
allowed the crewto gain altitude and avoid hitting the terrain.
The GAMA says that NTSB recommendati ons A-92-55 and A-95-35
only recommended GPWS (not TAWS) on turbojet airplanes (not
turboprop airplanes). The USPA points out that NTSB has never
i ssued a recommendation to require GPWS or TAWS on part 91
turboprops. The USPA further asserts that the FAA proposal
appears to use the NTSB recommendati on A-95-35 as the basis for
including part 91 turboprops in the NPRM The commenter further
asserts that NTSB recommendati on A-96-101 woul d require EGPWS on
transport category airplanes (not on general aviation part 91

airplanes). Simlar coments were nmade by AGCPA
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GAMA is correct in saying that the NTSB recommendati ons
A-92-55 and A-95-35 did not refer specifically to TAWS nor to
turboprop airplanes. The NTSB has recomended since then that
all turbine-powered airplanes with six or nore seats be equi pped
wth an EGPW5 or an TAWS (A-99-36). The FAA's decision to
require TAWS instead of GPW5 and to include turboprops are for
the reasons already discussed in the preanble. The reasons are
briefly restated here. At the tinme the NISB prepared and i ssued
its earlier recomendations, TAWS did not exist. In response to
the earlier NTSB recomendati ons, the FAA conm ssioned Vol pe to
do a study to evaluate the effectiveness of GPWS on snall er
ai rplanes operated strictly under part 91. After the FAA
certificated TAW5, the FAA expanded the Vol pe study to al so
eval uate TAWS and conpare the effectiveness of TAWS and GPW&.
This study convinced the FAA that TAWS is superior to GPWS in
elimnating CFIT. In addition, a cost benefit analysis showed
that TAWS did i ndeed provide a significant benefit to aviation
safety. Furthernore, 33 of the 44 CFIT accidents analyzed in the
Vol pe part 91 study involved turboprop airplanes. This high rate
of CFIT accidents involving turboprop airplanes confirmthe
results of earlier studies conducted by the FAA
NPRM Acci dent Anal ysi s

A nunber of part 91 and sone part 135 operators say that
GPWS/ TAWS woul d do little to inprove safety for their operations,

and therefore is not worth the cost. Sone of these comenters

25



say that there is little factual data supporting the need for
this equipnent in their operations.

The RAA and USPA question the legitimacy and validity of the
Vol pe part 121/135 study and find the Vol pe part 91 study
i nconcl usive. These comenters say that, of the 44 accidents
anal yzed in the Vol pe part 91 study, only 9 accidents may have
been preventabl e using only EGPWS. The RAA believes the common
causal link is the failure of the flight crews to foll ow
procedures. The RAA believes that the accidents exanm ned in the
Vol pe part 121/135 study should be nore correctly categorized as
“approach and | anding,” many of them affected by weat her
condi ti ons.

The USPA believes there are major flaws in the Vol pe part 91
study. Anong the probable causes |isted for the accidents
studi ed by NTSB are inproper planning/decisionnmeking, inproper
| FR/ VFR procedures, failure to execute m ssed approach
procedures, continuation of VFR flight into instrunent
met eor ol ogi cal conditions (I M), poor crew coordination, and
failure to establish proper clinb rate. Simlarly, another
comenter says that the Dulles, Virginia, and Rone, Georgi a,
accidents cited in the Vol pe part 91 study were not the result of
a CFIT, rather they were due to such factors as inexperienced
crew, lowvisibility, and an unstabl e approach.

The NBAA al so anal yzed t he sane acci dents studi ed by Vol pe

(1985-1994) and found only six accidents involving part 91

26



t ur bi ne- powered airplanes (not 44 accidents, as cited in the
NPRVM that could have been related to CFIT. The NBAA found that
nost of these accidents were due to other factors, including

i nproper or m ssed approach procedures, intentional descent bel ow
m ni muns, continued operations in bel ow m ni rum weat her, and VFR
flight into IMC. The AOPA adds that “little is known about crew
procedures, their nental state, and if the crew s actions would
have been tinely and accurate enough to avoid the accident once
they responded to warnings estimated to be provided by the
proposed TAWS equi pnent in that scenario.”

In addition, NBAA studied turbine-powered airplane CHI T
accidents from 1966- 1997 and found a total of 34 accidents
involving part 91 airplanes. These NBAA findings are also cited
by GAMA.

In response to comments nmade by NBAA, USPA, RAA AOPA and
others that the accidents cited in the Vol pe part 91 study were
not the result of a CFIT, but were due to other factors such as
poor crew coordination, the FAA disagrees. No accidents are
caused by one single elenent. Under the FAA s definition of
CFIT, these were CFIT acci dents, have been designated as CFIT by
the NTSB, and thus formed the basis for the NTSB' s
recommendat i ons.

The RAA al so coments on the Vol pe part 91 study’ s statenent
regarding 6 of the 9 CFIT accidents under part 91: “since

ai rplane’s gears and flaps were in |landing condition, the Mde 4
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war ni ng of GPWS woul d have been desensitized.” RAA states that
“the procedure used in regional/conmuter operations is to not
commt to landing flaps until the field is in sight, so we
believe that the Vol pe study should have conpleted their
geonetric analysis on these six accidents as well, in order to
determ ne whet her there woul d have been a significant difference
in pilot response tine” between GPWS and TAWS.

The RAA believes that the FAA needs to determ ne whether the
use of TAWS will lead to nore approach and | andi ng acci dents that
are characterized by the pilot’s failure to adequately eval uate
inflight weather conditions, failure to maintain sufficient
altitude during the approach to | and, etc.

In response to RAA's comments about the Vol pe part 91 study,
the FAA's position is that the Vol pe part 91 study was done
specifically to determ ne the effectiveness of TAWS because that
was the systemthe FAA was considering. The intent of the Vol pe
part 91 study was for the FAA to determine if TAWS was
technically feasible. GPW5 is a systemusing 1970’ s technol ogy
that has reached the imt of its useful ness. The FAA believes
nmore nodern technology is needed to gain nore accident prevention
potential to elimnate CFIT's. 1In the past the FAA has chosen
not to require GPW5 on airplanes operated under part 91 because
of its technical limtations and costs. TAWS sol ves those
[imtations and has potential for future enhancenents with | ower

cost for airplanes already equi pped with GPWS.

28



In addition, the purpose of the Vol pe part 91 study was to
confirmthat the TAW system was superior to GPWS in elimnating
CFIT. In fact, in the part 91 study the GPWS system used for
conpari son purposes was the nost advanced GPWS system In
reality many of the GPWS systens in service are the ol der
versions that have been plagued wi th nui sance and fal se al arns.

Simlarly, GAMA references another study done outside of
this rulemaking and refers to it as a second Vol pe part 91 study.
That study is dated July 1997, and exami ned all CFIT general
avi ation accidents (1983-1994) and concluded that CFIT is a snal
percent age of general aviation accidents. The GAMA says that the
study showed 121 CFIT accidents in 1991, but that by 1994, such
CFIT accidents had decreased to 68, which represented only 3. 7%
of all general aviation accidents.

In response to GAMA's comment that the second Vol pe part 91
study concluded that CFIT is a small percentage of general
avi ation accidents, the sane report al so shows that the snal
percentage (3.7% of accidents represents 17% of all fatalities
and that accidents caused by CFIT and spins are the | eading
causes of general aviation fatalities. Furthernore, the FAA s
cost-benefit analysis of TAWS equi pnent used for general aviation
operations showed that TAWS did i ndeed provide a significant
benefit to general aviation safety.

Some commenters state that the accident statistics provided

in the NPRM do not justify requiring TAWS on turboprop airpl anes.
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One-comrenter points out that the NPRM says that TAWS will only
avert 2.3 accidents per mllion flight hours in a 6-9 seat
turboprop airplane. This commenter believes that this snal
nunber is justification for exenpting this category of airplane
fromthe TAWS rule. This commenter also comments that the Vol pe
part 91 study (table 10) said that 6 of the 33 turboprop

acci dents could have been prevented with TAWS. This commenter
says that “5 of the 6 accidents involved aircraft on approach to
| andi ng. These accidents resulted frompilot error in being too
| ow on glidesl ope, or descending bel ow MDA.”

As an exanple of the effectiveness of the current rule,
Allied Signal cites differences in accident statistics between
turboprops fitted wth GPWS and turboprops wthout GPW5. After
GPWS was required for part 135 turboprop operations, there was an
estimated 20- to 30-tinmes reduction in CRIT risk. Allied Signal
further states that the results of the Vol pe studies on the
predi cted effectiveness of TAWS correlate well with its own
i ndependent anal ysi s.

In response to the comment that says that TAWS i s not
justified because it would avert only 2.3 accidents per mllion
flight hours, the FAA enphasizes that its mssion is to save
lives. Studies show that TAWS does indeed save lives, is cost
effective, and contributes significantly to general aviation

safety.
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The NATA and ot her operators comment that the nine CFIT
acci dents analyzed in the Vol pe part 121/135 study did not
i nclude any airplanes with fewer than ten passenger seats
conducted by part 135 on-demand air charter operators. The NATA
says that these operations differ from schedul ed operations, for
exanple, airplanes with fewer than nine seats conduct few
i nternational operations where CFIT accidents are likely to
occur. Therefore, TAWS should not be required for on-demand part
135 operations “until such tinme as a convincing and thorough
dat a- based review is conducted wth associ ated cost/benefit
anal ysi s.”

The NATA and others are correct in their assertions that the
Vol pe part 121/135 study did not include airplanes with fewer
than ten passenger seats in part 135 operations. The study was
conducted to determne the feasibility of retrofitting GPW5S with
TAWS. Currently, GPWSs is not required for airplanes operated
under part 135 with fewer than ten seats. The Vol pe part 91
study shows conpel ling evidence supporting the use of TAWS and
the FAA has determ ned that the same types of airplanes are often
operated under both parts 91 and 135. Therefore, the FAA is
unable to justify setting a different standard based solely on
the type of operation. The part 91 rule applies to al
ai rpl anes, including those operated under parts 121 and 135. The
FAA is anmending parts 121 and 135 to make it clear that airplanes

operated under these parts will be required to replace current
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GPWS equi pnent with TAWS equi pnent. The Vol pe part 91 study was
conducted to consider installation of current GPWS or EGPWS on
all part 91 turbine-powered airplanes of 6 or nore passenger
seats. The study concluded that GPWS coul d have avoi ded 33 of
the 44 (75% accidents and 96 fatalities, and EGPWS coul d have
avoi ded 42 of the 44 (95% accidents and 126 fatalities. These
conclusions justify use of TAWS on all airplanes of 6 or nore
passenger seats.

In response to NATA's comment concerning the use of TAWS on
ai rplanes used in part 135 on-demand operations, the FAA points
out that the Vol pe part 121/135 study was never intended to | ook
at part 135 schedul ed versus part 135 on-denmand operations. The
study was conducted to determ ne the effectiveness of TAWS on any
ai rplane type, not the effectiveness in regard to the type of
oper ati on.

Comments on Costs of TAWS

Many comrenters, including the Air Transport Associ ation
(ATA), RAA, USPA, Raytheon, Continental Airlines, and Al oha
Airlines say that the NPRM s anal ysis vastly underesti mates the
installation, retrofit, and nmai ntenance costs associated with
GPWs and TAWS. They say that these costs would be prohibitive
for part 91 and part 135 operators. Raytheon and USPA suggest
that retrofit cost estimtes would exceed the value of the smal
t ur bi ne- powered airplanes and woul d force unnecessary retirenent

of the airplanes. Sone operators specifically address retrofit
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costs and state that their airplanes are not configured to be
easi |y equi pped with GPWS/ TAWS equi pnent wi t hout naj or expense.

The RAA and USPA believe the FAA's cost estimates for
conplete TAWS installation are extrenely |low. Using GAVA
avionics figures, these commenters estimate the installation of a
TAWS on in-service turboprop airplanes used in parachute
operations will range between $66, 020 and $96, 828, nostly because
they | ack the necessary prerequisite equi pnent.

The GAMA' s commrent included a cost analysis for part 91
new y manufactured and in-service turboprops and turbojets. The
GAMA estimates the costs to install TAWS woul d be nmuch hi gher
than those estimted by the FAA. The follow ng estimtes were
provided: (1) For newy manufactured turboprops, the range would
be $24,600 to $108, 163, dependi ng on the additional equi page
needed to neet TAW5; for existing turboprops, the range woul d be
$34,600 to $141, 163, dependi ng on exi sting equi page; (2) For
new y manufactured turbojets, the range woul d be $24,600 to
$69, 985, dependi ng on equi page; for existing turbojets, the range
woul d be $34,600 to $141, 163, dependi ng on equi page.

The NBAA and AOPA support GAMA' s findings that TAWS costs
woul d have a wi de range, depending on the type of airplane
operated. The NBAA al so says that it was quoted, from an
avionics repair station, an average cost of $105, 000 for
equi pnent, l|abor, installation, testing, and certification. The

NBAA recommends that the FAA performa new cost/benefit analysis
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whi ch woul d i nclude not only TAWS equi pnent, but the costs of
system nodi fi cations necessary to accomodate TAW5, installation,
| abor, testing, and certification.

The HAI and ot her operators support the AACA s assertions
that the FAA s cost projections for TAWS (purchase, installation,
mai nt enance, and training) are significantly understated. The
HAI says that the FAA's underestimation of costs, as well as its
overestimation of safety benefits, echoes other recent rul emaking
actions that affected the rotorcraft industry, including recent
NPRM s on Digital Flight Data Recorders (DFDR) (61 FR 37144, July
16, 1996) and Type Certification Procedures for Changed Products
(62 FR 24287, May 2, 1997).

The FAA acknow edges the cost to install TAWS and retrofit
ai rplanes with TAW5 is higher than originally estimted. The
cost woul d be nore burdensone for part 91 and sone part 135
operators. The final rule provides relief to these operators.
The FAA has changed TSO Cl151 to include two acceptabl e cl asses of
equi pnent. Class A equipnent wll be required for airplanes
operated under part 121 and part 135 of 10 or nobre passenger
seats; this class of equipnment will be the sane as originally
proposed. C ass B equipnent will be required for airplanes
operated under part 91 with 6 or nore passenger seats and
ai rpl anes operated under part 135 with 6-9 passenger seats.

Cl ass B equi pnent includes basic TAWS safety features. The

purchase and installation of Cass B equi pnent reduces the costs
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to operators of airplanes operated under part 91 with 6 or nore
passenger seats and airplanes operated under part 135 with 6-9
passenger seats. In addition, the process of obtaining
suppl emental type certificates (STCs) will be greatly expedited.
Unli ke O ass A equi pnent, C ass B does not entail extensive
installation procedures because it is not integrated with
numer ous airpl ane systens.

This final rule requires the use of Cass A equi pnent on
ai rpl anes operated under part 121 and airplanes with ten or nore
passenger seats operated under part 135. The FAA made this
decision for the follow ng reasons. First, Cass A equipnent
i ncludes the functions of GPWS. The existing FAA and | CAO
requi renents are that these airplanes nmust install GPWS. The
TAWS functions are in an addition to and separate from GPWS.
Both TAWS and GPWS requirenents are included in TSO C151.
Therefore, this rule does not elimnate the GPW5 requirenent.
The ICAOQ, while also requiring TAW5, is also maintaining its GPWS
requi renents. The use of GPW5 is a proven concept with over 20
years of preventing many CFI T accidents; however, the FAA is
requiring TAWS to further reduce the nunber of CFIT accidents.
Second, these airplanes also are required to carry w ndshear
protection devices. Manufacturers have built the w ndshear
protection into the GPWS equi pnent and are doing the sane with
the TAWS Cl ass A equipnment. Third, C ass A equipnent is packaged

in a standard avionics box to fit into the avionics bay of these
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| arger airplanes. Fourth, Cass A equipnent box is designed to
meet the nore rigorous requirenents for electrical and electronic
equi pnent such as 14 CFR sections 25.1301, 25.1309, 25.1321,
25.1351, 25.1353 and 25.1431. Fifth, Cdass A equipnent is
designed to be conpatible with and to be integrated into other
ai rpl ane systens typically found on | arge, commercial airplanes
such as autopliot, flight managenent system data bus, weather
radar, flaps indicator, |anding gear indicator, and instrunent
| andi ng system gl i desl ope.

This final rule requires, as a mninum C ass B equi pnent
for airplanes operated under part 91 and airplanes with six to
ni ne passenger seats operated under part 135. ass B equi pnent
contains only TAWS functions, i.e. the conparison of the
ai rplane’s current position information to an onboard dat abase.
It is a very basic piece of equi pnent, packaged in a small box
that can be placed al nost anywhere in a snall airplane where
there is available space. It is designed to provide protection
fromCFIT accidents for airplanes that currently do not have such
protection. These airplanes never had a requirement for GPWS and
in the NPRM the FAA proposed requiring GPW5 and TAWS but deci ded
inthe final rule to require only TAWS. The O ass B equipnent is
designed as a less costly, small device for airplanes that do not
have nmuch space and for airplanes that may not be conpatible with
Cl ass A equipnent. The operators of these airplanes may instal

Class A equipnent if they desire. In fact, one manufacturer of
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TAWS equi pnent has infornmed the FAA that operators of |arge
ai rpl anes operating under part 91 voluntarily are installing
Cl ass A equi pnent because of the features and benefits of GPWS.
Operators of airplanes required to install C ass A equipnment do
not have the option of installing C ass B equi pnment because the
Cl ass B equi pnent does not contain the required GPW5 functions.

GAMA al so comments that the FAA underestimted the
producti on of new general aviation turbine-powered airpl anes.
GAMA says that “in donmestic production al one, Anerican
manuf acturers of general aviation airplanes have already reported
to GAMA deliveries of 282 new jets and 162 new turboprops through
the third quarter of 1998.~

One commenter, a part 91 turboprop operator, says that GPW5
costs would constitute about 10% of the value of his airplanes.
This commenter recommends that, if mandated, the rule should be
on a5to 10 year time line so that nore GPW5 systens will be
produced and they will becone cheaper.

A part 91 operator points out that the costs associated with
installing TAWS could result in nore accidents because sone
operators would sell their turboprops and fly piston airplanes.
This commenter says that these airplanes “are not as reliable,
but can carry nore passengers, are cheaper to operate, and wl |
not be required to have TAWS.”

In response to the comment that some operators of existing

turboprop airplanes would switch to piston-engine airplanes
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because piston-engine airplanes will not be required to have
TAWS, it is not the intention of the FAA to put an undue
financial burden on owners/operators of snmall turboprop airplanes
nor to cause themto take such drastic action. Therefore, as
descri bed above, the FAA is anendi ng proposed 88 91.233(b) and
135. 154(b) — both having to do with existing planes — by all ow ng
part 91 operators of airplanes with 6 or nore passenger seats and
part 135 operators of airplanes with 6-9 passenger seats to neet
di fferent TAWS requirenents.

The NATA contends that the FAA has failed to provide an
accurate picture of the equipnent and installation costs for part
135 on-demand air charter operations. The NATA points out that
the di scounted prices used in the NPRM (for 10 or nore units)
woul d not apply to nost part 135 on-demand air charter operations
since they typically operate a small nunber of airplanes. The
NATA adds that the FAA fails to adequately cover other costs
including wiring/installation kits, radar altinmeters, other
instrunments needed to communi cate with TAW5, airplane downtine
during installation, and installation | abor costs. The NATA says
that the above factors would result in an average TAWS cost of
$100, 000 per airplane for part 135 on-dermand charter operations.

The United States Air Tour Association (USATA) comments
that, in order to conply with the existing rule, its nenbers
purchased and installed GPWS equi pnent in their airplane fleets

at a cost of nmore than $41, 000 per airplane. This substanti al
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capital investnent by USATA nenbers was nade in spite of the fact
that nost of the airplanes are used in day VFR sightseeing
applications. A TAWS requirenent would require USATA nenbers to
essentially scrap their recent investnents. USATA does not
believe the TAWS retrofit is justified, given the GPWS safety
record.

In response to USATA, by the tinme operators have to conply
with this final rule, the 10-year anortization of the cost of the
GPWS5 systemwi | | be conpl et ed.

Sone commenters state that GPWs will not have a | arge trade-
in value once TAWS becones a requirenent for all airplane nmarkets
for which a GPWs m ght be used.

In response to the coment regarding trade-in val ues, the
FAA stands by its use of trade-in value in the regul atory
eval uation. The FAA was again advised by the manufacturer that it
woul d give trade-in value against the purchase of TAW5. O her
manuf acturers may al so offer trade-in credits.

An Al aska- based operator adds that the Unfunded Mandates Act
of 1995, which requires that the FAA assess the inpact of
regul atory changes on state, local, and tribal governnents, has
not been adequately addressed. The comrenter says that the
requi renents of the Act were not adhered to in the conmmuter rule
when many carriers had voiced concern that they would not be able
to bear the econom c burden of that rule. The commenter believes

that the “requirenents associated with this proposed rule wll

39



cause history to repeat itself in Al aska, thereby causing further
di sadvantage to the traveling public.”

The costs of the final rule does not equal $100 million in
any one year due to changes that have taken place since the
proposal. Sone of those changes are (1) The final rule is not
applicable to certain segnents such as parachute, aerial and
firefighting operations, (2) The all owance of |ower cost TAWS
equi pnent with equival ent safety and (3) The decision by a
significant proportion of manufactures/operators to voluntarily
equi p airplanes with TAWS. Consequently, the Unfunded Mandat es
Ref orm Act does not apply to this rule.

GPWS/ TAWS Technol ogy

The Al A comments on the section in the NPRM under
“VNTSC Concl usion”, which states that “The study enphasi zed t hat
the CFIT accident prevention in all cases would have resulted not
so nmuch fromincreased warning durations foll ow ng system
detection of terrain threats, as fromthe fact that flight crews,
given a continuous terrain display, would have perceived these
terrain threats and responded to them wel| before EGPWS was
required to generate warnings.” The Al A comments that Boeing
woul d object to a change in the GPW5 i ntended function, and adds
that the NPRM assunes that a flight crew would want to have
terrain data continuously displayed.

In response to AlA's comment about a continuous terrain

di spl ay, the FAA previously pointed out that the Vol pe part
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121/ 135 study stated that the continuous terrain display feature
of EGPW5 may be even nore inportant than the terrain threat
detection/alert/warning features in breaking the chain of
decisions leading to CFIT. Flight crews |acking an outside

vi sual perspective are given an internal continuous display of
nearby terrain, greatly heightening situational awareness.

Rat her than a last ditch warning of inmm nent danger, the
continuous terrain display would allow crews to maneuver to avoid
terrain long before it ever becones an obstruction to their
flight path. TAWS represents a pivotal advance in providing
flight crew terrain awareness. Thus, the FAA has determ ned that
the terrain situation awareness display is a valuable function,
and is requiring its use for all part 121 operations and for
those part 135 operations conducted with airplanes configured
with 10 or nore passenger seats. However, the FAA recogni zes
that in acconplishing normal piloting duties, the flight crew
shoul d not continuously stare at the terrain display. In
addition, the display nay be used for other infornmation such as
weat her. The FAA therefore is not requiring the continuous use
of the display.

The Al A al so reconmmends that the preanbl e | anguage under
“Functions of TAWS " “Terrain C earance Floor,” should be changed
to read “The terrain clearance floor creates an increasing
terrain clearance envel ope around the closest (not “intended”)

airport runway related to the distance fromthe runway. . .” The
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Al A says that the NPRM | anguage assunes that the cl osest runway
is the intended runway, and that “EGPWS has no way of know ng
what the “intended” (i.e. destination) airport would be unless
significant design changes were nade.

In response to AlIA's comment about the terrain clearance
floor feature, the FAA agrees that, concerning one manufacturer’s
TAWS, the comrenter is correct; the closest runway is not always
the intended runway and on a | andi ng approach when flying by a
near by uni ntended runway, the TAWS may tenporarily build a
terrain clearance envel ope around the uni ntended runway.

However, the FAA does not see this as a problemfor four reasons.
First, the TAWS will, in sufficient tine, swtch the terrain
clearance floor to the intended runway as soon as it becones the
cl osest. Second, if the envel ope around the unintended runway
gives off an alert, this is an indication that the plane is
obviously too close to terrain related to the uni ntended runway.
Three, the clearance floor is not displayed so there would be no
confusing information presented to the flight crew. Finally, not
all TAWS systens have this nethod of operation.

The NBAA and GAMA say that there could be difficulty in
integrating TAW5, (which is a digitally based piece of hardware)
into the many airplanes that use anal og-based systens. The GAMVA
and ACPA say that other systens required by TAWS include the air
data conputer, radar altineter, global positioning system as

wel | as four annunciators (alarnms) and a display for the
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information. The NBAA says that “it is unclear whether all of
the nodifications necessary to adapt such an advanced pi ece of
hardware into a | egacy avionics suite will result in a fully
functional TAWS system” The NBAA, GAMA, and AOPA say that these
integration difficulties would greatly affect the cost estimtes
for purchase, installation, and approval of TAWS.

Regar di ng conments by NBAA and GAMA about integrating TAWS
into airplanes with anal og based systens, the FAA is aware that
manuf acturers are designing digital and anal og TAWS nodel s.

Thus, there should be an appropriate nodel for each airplane’ s
exi sting configuration.

Sone commenters, including a part 91 charter operation, say
that current GPWS technology still presents the problemof false
war ni ngs, causing pilots to disregard these warnings (e.g., when
descending to an airport). One commenter says that GPW5
t echnol ogy shoul d be further devel oped to insure that these kinds
of problens are elimnated, and that the FAA should postpone this
rule until the technology is inproved.

In response to the comenters who says that fal se warnings
are still a problemand the comenter who requested that the FAA
postpone this rule until GPWS technology is inproved, the FAA s
position is that the proposed rule recogni zed the fal se warning
problemin existing GPW5. As stated in the NPRM GPW5 equi pnent
has been inproved since it was first required in the 1970’ s.

These advances include inprovenents in terrain detection |ogic
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that provides increased terrain warning durations in the order of
10 - 15 seconds on average, resulting in additional tinme for the
pilot to maneuver that can be crucial in preventing accidents.

In addition, the NTSB al so recogni zed and addressed this issue by
recommending to the FAA that early generation GPWS equi pnent be
upgraded (NTSB reconmmendati ons A-92-39 through A-92-42). The
final rule inplements these NTSB recomendations to retrofit al
GPWS with TAWS.

Anot her comrenter responds to the FAA' s statenent in the
NPRM that it “expects that manufacturers will provide (an alert)
at | east 20 seconds in advance of a potential inpact.” This
comenter says that TAWS should provide a first alert of not |ess
than 30 seconds prior to potential inpact.

Regardi ng the coment about the TAWS alert tine, the FAA
addresses alert tinmes in the TSO docunent. However, for clarity,
the FAA restates the follow ng concerning alert tinmes fromthe
NPRM

“The function of the new proposed TAWS standard is to
prevent CFIT by providing alerting times earlier than those
provi ded by existing ground proximty warning systens
manuf actured in accordance with Technical Standard Order (TSO) -
C92c. Typically GPW5 aural and visual warnings occur about 20
seconds or | ess before potential inpact with terrain. The visual
warning is usually a blinking Iight and the aural warning is

usual |y a nessage through the airplane’ s audi o system
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“Studies indicate that average conbined pilot and aircraft
reaction time to avoid a CFIT after warning is within the 12 to
15 second range. The FAA has approved for installation a TAWS
(the EGPW5) that provides an initial alert approximtely 60
seconds before potential inpact and another alert about 30
seconds before potential inpact. These alerts are both aural and
visual. These alerting tines were based on data fromactual CFIT
acci dents and were chosen by the manufacturer as the best
conprom se to provide tinely alerts while still mnimzing
nui sance alarnms. Human factors research and FAA experience show
that, if an aural cockpit alarm sounds too often as a false
alarm the flight creww || either begin to ignore it or wll be
tenpted to disable the system Therefore, while the forward
| ooki ng capability of TAWS could provide an alert far in advance
of potential inpact, the alerting tinme nust be as short as
possi ble, while still allow ng an adequate tinme to avoid inpact.
The FAA will carefully evaluate the alerting times for each
proposed TAW5, but expects that manufacturers will provide at
| east 20 seconds in advance of a potential inpact.”

The NTSB conments that standards for TAWS desi gn shoul d be
devel oped to mnim ze the potential for m suse of the equipnent.
The NTSB says that the FAA alluded to this issue in the NPRM when
it pointed to the possibility that pilots would be tenpted to use
TAWS for navigational purposes and that pilot training should be

devel oped to prevent this occurrence. The NISB states that pilot
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training should not be used to “conpensate for potenti al
deficiencies in the TAWS design.” The NTSB adds that the design
of TAWS should “reflect the results of a thorough hunan factors
eval uation to obviate the need for training and ot her procedural
requi renents that conpensate for design deficiencies or msuse of
design principles.”

In response to the NTSB's conment, the NPRM poi nted out that
the Vol pe part 121/135 study recognized that the terrain display
may present a new set of challenges to pilots. The TAW s
t opogr aphi cal map display could offer a tenptation for pilots to
use it for navigational purposes. Therefore, the FAA stated in
the NPRM that pilot training should enphasize that other airplane
systens are intended for this purpose, and any TAWS terrain
di splay features are intended only to provide terrain awareness,
not for aerial navigation. (The NPRM also cited Notice N3110. 64,
Enhanced Ground Proximty Warni ng System which provi des gui dance
on EGPW5 and specifies that Airplane Flight Manuals should state
that EGPWS shoul dn’t be used for navigational purposes.)

The Air Line Pilots Association (ALPA) strongly supports the
NPRM s inclusion of the visual display of terrain as part of the
overall TAWS system The ALPA enphatically agrees with the Vol pe
part 121/135 study finding that the visual display is the nost
i nportant function of the TAWS system because it provides flight

crews with a picture of the surrounding terrain threat that can
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be responded to well before the systemis required to generate
war ni ngs.

The ALPA supports the need for the TAW systemto have a
backup to the synthetic terrain data, such as radar altineter
inputs for generating warnings in the event of erroneous terrain
dat abase i nformation or erroneous navigational inputs.

The ALPA encourages the FAA to preclude delay of the final
rule due to potential objections by part 91 operators. The ALPA
feels the final rule should be applied to conmercial operators as
soon as possible in an effort to prevent future controll ed-
flight-into-terrain accidents.

In response to ALPA's first comment that supports nmandati ng
a terrain situational awareness display, the FAA agrees that such
a display is a very valuable tool and therefore will continue to
mandat e such a display for part 121 operators and part 135
operators of airplanes with 10 or nore passenger seati ng.

However, the FAA is revising the final rule to make such a
di splay optional for part 91 operators and part 135 operators of
6 to 9 passenger seating for the foll ow ng reasons:

Wil e the display adds an additional |evel of safety to
| arge comercial transports (and this is in line with the FAA
policy of requiring a higher |evel of safety for such airpl anes),
the display itself does not save lives. Once in a potential CFIT
situation, what saves lives is the TAW caution alerts and

war ni ng commands. Requiring a display on a snaller, older
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airplane in sone instances will present such an oppressive
financi al burden that the owner/operator may either go out of
busi ness or convert to a | ess safe piston-engine airplane.
Furthernore, there is prom sing new technol ogy such as novi ng
maps that in the near future will provide inexpensive additional
terrain situational awareness to these smaller, ol der airplanes.

In response to ALPA's second coment to require a radar
altinmeter as a backup to the terrain database, the FAA is
requi ring TSO C151 C ass A equi pnent for part 121 operators and
part 135 operators of 10 or nore passenger seating and TSO Cl51
Cl ass B equi pnent for part 91 operators and part 135 operators of
6 to 9 passenger seating. Class A equipnent requires a radar
altinmeter; Cass B equi pnment does not. The reasons behind this
deci sion are the sane as nentioned above concerning the terrain
si tuational awareness display.

In response to ALPA's third conmment concerning not del aying
the rule due to potential objections by part 91 operators by
applying it to comercial operators as soon as possible, the FAA
believes it is processing the rule as expeditiously as possible.
The FAA further believes it can process the rule faster as
currently defined and believes that redefining it at this tine
into two rules - one for comercial operators and one for part 91
operators - would actually delay its inplenentation.

The ATA recommends that the final rule clearly state that

TAWS systens installed before adoption be considered conpliant,
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i ncludi ng those installed under FAA-approved Suppl enental or
Amended Type Certificates, Service Bulletins or JAA approvals.
ATA adds that the final rule should clearly state whether systens
w thout a color terrain display, certificated and installed prior
to the final rule, would be in conpliance.

In response to ATA's first comment requesting that the FAA
formally recogni ze as conpliant TAWS systens installed before
adoption of the final rule, the FAA recogni zes and appreci ates
the significant voluntary action by ATA and its nenbers as well
as by other segnents of the industry. It has been and still is
the FAA's intention to recogni ze all FAA approved TAWS
installations (i.e., those that neet the requirenents of TSO
C151) done voluntarily before issuance of the rule as being in
conpliance with the rule.

In response to ATA's second conment concerning a col or
di spl ay, the FAA believes that ATA m sunderstands the display
requi renents. The FAA is not requiring only a col or display;
nmonochromati ¢ di spl ays have been allowed and will continue to be
all owed. Therefore, the FAA sees no reason to reference this
subject in the final rule.

TSO Comrent s

Wen the FAA published the TAWS NPRM it al so nade avail abl e
a draft of a proposed Technical Standard Order (TSO) -Cl51,
entitled Terrain Awareness and Warning System The proposed TSO

was made avail abl e under a separate Notice of Availability in the
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Federal Register on Novenber 4, 1998 (63 FR 59494), which
requested public comments on the TSO. Al comments related to
the TSO, whether in response to the NPRM or the TSO Notice of
Avai l ability, were given to an FAA technical teamto eval uate and
use in devel oping the final TSO

In response to the TSO notice of availability, comenters
submtted a | arge nunber of suggested changes to the TSO (The
substance of these coments are discussed in the TSO di sposition
report.) In trying to be as flexible and as acconmopdati ng as
technically feasible, the FAA accepted and included nost of the
suggest ed changes, and devel oped a revised version of the draft
TSO. This proposed TSO was nmade available in a second notice of
avai lability in the Federal Register on May 27, 1999 (64 FR
28770), which again requested public coments on the TSO

Based on the above actions, the FAA issued a final version
of TSO C151 on August 16, 1999. This TSOw Il be the neans to
obt ai n approval of TAWS products and is descri bed bel ow.

TSO C151 prescribes the m ni num operati onal perfornmance
st andards that TAWS equi pnent nust neet to be identified wth the
TSO C151 Class A or B marking. At present the TSO includes two
cl asses of equipnent: (1) Cass A intended for airplanes
operated under part 121, and for airplanes of 10 or nore
passenger seating operated under part 135; and (2) Class B
i ntended for airplanes operated under part 91, and for airplanes

of 6 to 9 passenger seating operated under part 135. TSO Cl151
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does not require the use of specific design criteria nor
prescribe the use of specific conponents. The applicant is free
to design its own systemproviding it nmeets the m ni num
operational performance requirenents of the TSO.

Cl ass B equi pnent includes basic TAW safety features, such
as: Forward | ooking terrain warnings; mninumground cl earance
pl ane function; GPWS node 1 (high descent rates), node 3
(descents after takeoff), and node 6 (the 500 foot voice
callout). Optional TAWS features of C ass B equi pnent i ncl ude:
radio altineter; a |landing gear position sensor input to TAW5 a
flap position sensor input to TAW5, a glidesl ope deviation input
to TAW5;, a flap override switch in the cockpit; a glideslope
(node 5) inhibit switch in the cockpit; a TAWS inhibit switch in
the cockpit; a terrain display; and a weather/terrain sw tching
function.

TAWS t echnol ogy, as well as other avionics technology, is
advancing at a very rapid pace. Because of this, the FAA expects
to revise TSO Cl151 periodically and anend the rul e when
necessary, to include other classes or subclasses as new
technol ogy i s devel oped and proven. An exanple of a new cl ass
could be the addition of a Cass C intended for piston-powered
ai rpl anes and turbine-powered airplanes of |ess than 6 passenger
seating. An exanple of a new subclass could be a dass B, |evel
1 that could include geonetric calculation of altitude using

GPS/ WAAS (d obal Positioning Systeni Wde Area Augnentation

51



Systen) when that systemis operational. The FAA also realizes
t hat technol ogy may advance and prove itself faster than the FAA
can keep TSO- C151 up to date. In these situations, the FAA w |
make use of the deviation process all owed under

8§ 21.609, Approval for Deviation. The FAA intends to provide
maxi mum flexibility for industry to continuously devel op nore
advanced and | ess expensi ve TAWS equi pnent .

Suppl enental Type Certificates (STC s)

The NATA says that the NPRMs estimate of 82 STC s for
retrofitting the part 135 fleet with TAWS is | ow because in sone
cases, “a single aircraft nodel, particularly older aircraft
nodel s, may have evolved to a point where the cockpit/avionics
panel and currently installed equipnment vary greatly. As a
result of this variance, “followons” may not be available for
many airplanes and many nore “first of type” installations wll
be required for Part 135.” This could result in STC approval
del ays and could significantly inpede tinely equipnment
installations. Oher commenters questioned the nunber of
estimated STC s.

FAA Response

The FAA disagrees wth NATA's statenent that there would be
del ays in STC approval s and equi pnent installations. Wen the
FAA devel oped the conpliance schedule, the FAA took into account
the potential FAA STC approval workload. |In addition

manuf act urers have obtai ned additional STC s since the NPRM was
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publ i shed and are nmeking them avail able for their custoners.
Taking all this into consideration, the FAA has determ ned that
t he approval process will not hinder the inplenentation of this
rul e.

Tr ai ni ng

The FAA did not propose changes to existing training
requi renents. However recent new training requirenents on crew
resource managenent (CRM for flight crewrenbers should provide
addi ti onal safeguards in conjunction with the use of TAWS. This
requi renent applies to flight crewnenbers operating under parts
121 and 135 and took effect on March 19, 1998. (60 FR 65940,
Decenber 20, 1995).

The | ndependent Pilots Association (IPA) criticizes the FAA
for not changing current training requirenents to specifically
require training in the use of TAWS. | PA believes that w thout
specific training in what TAWS is designed to do and what it is
not designed to do, the full safety benefits and risk reduction
will not be realized.

Al ternatively, a nunber of comrenters say that increased
training for situational awareness and nonitoring i s needed,
rat her than “another expensive electronic box.”

Rayt heon points out that even in sone of the part 121 CFIT
accidents that involved airplanes that “were new generation and
wel | equipped with the latest in technology”, there was a | oss of

situational awareness by the flightcrew. Therefore, the best way
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for operators to reduce CFIT accident risk is through “i nproved
trai ning, enphasis on standardi zati on of procedures, and review
of human factors.”

FAA Response

The FAA agrees that training is an inportant elenent to
mnimzing CFIT and recommends a three-pronged approach: (1)
Proper pilot training; (2) Better decision-making tools; (3)

El ectronic hardware to assist the pilot. TAWS addresses the

el ectronic hardware i ssue. The FAA' s position is that training
al one has not been successful in reducing CFIT accidents;
therefore the FAA believes that it is necessary to require TAWS.

The fact that the final rule does not nention training does
not nmean that no TAWS training is required. Under existing
88 121.415 and 135.293 certificate holders are required to insure
that each crewnenber is qualified in new equi pnent, procedures,
and techni ques, including nodifications to airplanes. The effect
of this requirenent is that whenever an operator installs new
equi pnent, part of the approval process for that equi pnent
i ncl udes show ng that crewrenbers have been adequately trained to
use the new equi pnent.

In addition, although not directly related to training, the
final rule requires that operators include in their Airplane
Fli ght Manual s the appropriate procedures for operating and

respondi ng to the audi o and vi sual warnings of TAWS. Existing
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section 91.9 requires that the pilot operate the airplane in
accordance with the approved flight manual.
O her Governnent/Industry Efforts

The NBAA recomrends that the FAA delay action on this rule
until it receives a report fromthe Joint Safety Anal ysis Team
(JSAT). The NBAA is participating on the workgroup teans to
study several root causes of general aviation accidents,
including CFIT. The NBAA says that the JSAT s recommendati ons
may i nclude nore cost effective alternatives to TAWS. A simlar
comment is also made by GAMA, which is the industry co-chair of
t he JSAT.

Rayt heon strongly recommends that the FAA further
investigate the effectiveness of TAWS in general aviation
operations and consider alternatives to TAWS better suited to the
general aviation environnment. Raytheon states that further
i nvestigations are al so supported by the Joint |ndustry/ FAA Team
Proposed Action Plan, “Controlled Flight into Terrain (CFIT)

Avoi dance for General Aviation.” The Joint |Industry/FAA Team
submtted five recomendations to the FAA for reducing CFIT

acci dents, including equi pnent enhancenents, pilot education and
i nprovenent in decision making aids for pilots.

Simlarly, AOPA recommends that the FAA inplenent the
recommendati ons made by the “Controlled Flight Into Terrain
(CFI'T) Avoidance for General Aviation” report (August 1998).

This report was put forth by a joint industry/FAA team which was
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established to respond to the "The Wite House Comm ssion on
Avi ation Safety and Security” recommendation regarding EGPWS in
general aviation airplanes. The team had concluded that there
are a nunber of causes of CFIT accidents and that these factors
can be addressed “in nore affordable, practical, and effective
solutions.” AOPA states that these recommendations would lead to
vol untary equi page and woul d be nore effective in reducing CFIT
accidents than would a nmandate for TAWS

GAMA encour ages vol untary equi page of TAWS on gener al
avi ation turbine-powered airplanes.

FAA Response

In response to NBAA and GAMA commrents that the FAA delay the
rule until it receives a report fromthe Joint Safety Analysis
Team (JSAT), the FAA does not believe such a delay is necessary,
warranted or wise; the report was conpleted in April 1999. The
NBAA and GAMA are val uable participants on the teamand GAMA is a
co-chair of the general aviation section of JSAT (GA-JSAT). The
FAA is the other co-chair and also is a major participant, and as
such, the FAA is aware of all JSAT transactions and activities.
The FAA is aware that the GA-JSAT is enphasizing training. The
FAA agrees that training is inportant, but as discussed earlier,
training by itself, unfortunately will not solve the CFIT
problem The pilot needs a technical aid. The Ilimtation of
training is profoundly illustrated in the transport area.

Commerci al pilots have access to the best training in the world,
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yet CFIT accidents are the | eading cause of fatalities in
commercial aviation worldwide. |In fact, the Transport Section of
JSAT, in recognizing the limtations of training, has nade TAWS
its primary intervention strategy. There currently is a
successful, cost effective technical aid available - TAW - and
it is incunmbent upon the FAAto require this technical aid as
expedi tiously as possi bl e.

Rayt heon and AOPA nake reference to anot her FAA sponsored
activity and report, the joint FAA/industry teamreport titled
"Controlled Flight into Terrain (CFIT) Avoidance for GCeneral
Aviation.” This teamwas organi zed by the FAA to suppl enent the
TAWS rul emaki ng activity, not to replace it. The TAWS rul e
applies to U S. -registered, turbine-powered airplanes of 6 or
nor e passenger seating. The teamwas fornmed to investigate how
to elimnate CFIT accidents in the remaining group of general
avi ation airplanes not covered by the proposed TAWS rul e,
specifically piston-powered airplanes regardl ess of nunber of
passenger seats and other airplanes of |ess than 6 passenger
seats. In preparing the report, the team becane convinced that
its recomrendations could be applicable to all general aviation
ai rpl anes, not just the narrow group nentioned above, and stated
this inits report. The FAA co-chaired the team and partici pated
inits deliberations. The FAA supports the recommendati ons of
the teamand, in fact, is supporting and participating in all the

recommendati ons. The FAA sees no conflict between this report
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and the TAWS rule. As nentioned in the discussion in the section
addressing the TSO, the FAAis building in the flexibility to
i ncorporate the new technol ogies identified in the report as
t hose new technol ogies conme on line. Therefore, in response to
Rayt heon's first comment that the FAA further investigate the
ef fectiveness of TAW5, the FAA already is participating actively
in ongoing CFIT research and investigations and will continue its
participation. In the nean tinme, as nentioned in the FAA
response concerning the JSAT report, there currently is a
successful, cost effective technical aid avail able-TAWs-and it is
i ncunbent upon the FAA to require this technical aid as
expedi tiously as possi bl e.

In response to Raytheon's second comment that the FAA
consider alternatives to TAW5 the FAA believes that Raytheon
m sunder st ands the concept of TAWS. TAWS is a technical aid to
elimnate CFIT accidents and is one of several integrated
approaches; the others include inproved training, better decision
maki ng i nformati on and better weather information. The new
technol ogi es, discussed in the report referenced by Raytheon,
when integrated properly into an airplane, would be a TAWS and
woul d provi de TAWS functi ons.

In response to ACPA's first statenent that the
recomendations in the report would lead to voluntary equi page,

t he FAA recogni zes the voluntary effort by industry.
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Unfortunately, nmany owners/operators do not take voluntary
action, so the FAA nust require themto take action.

In response to ACPA's second comment that the
recommendations in the report wll result in a nore effective
means of reducing CFIT accidents than would a nandate for TAWS,

t he FAA believes that, |ike Raytheon, AOPA m sunderstands TAWS.
The FAA believes that the technical recommendations in the report
will lead to better and | ess expensive TAWS equi prment. Mich of
this equipnent will be available well before the conpliance due
dates. But the FAA and industry can not keep waiting for better
and | ess expensive equipnent. CFIT accidents are tied with spins
as the |l eading cause of fatalities in general aviation in the
United States. There currently is a successful, cost effective
technical aid available - TAWS - and it is incunbent upon the FAA
to require this technical aid as expeditiously as possible.
Waiting to do nore research and investigations, or not using al
avai | abl e neans at our disposal, including the use of cost
effective technical aids, while additional people die in CFIT
accidents, would be a dereliction of duty.

Conmpl i ance Schedul e

The FAA proposed anendi ng 88 121.360 and 135. 153 to add an
expiration date of four years after the effective date of the
final rule for the use of current GPWS systens. Thereafter,
conpliance with those sections would not be allowed in |ieu of

t he provi sions anended herein.
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The FAA proposed that, beginning one year after the
effective date of the final rule, U S -registered airpl anes
manuf actured after that date be equipped with TAWS. The FAA al so
proposed that turbine-powered airplanes nanufactured on or before
that date be equipped with TAWS within four years after the
effective date of the final rule.

The NATA states that, since there is only one TAW product
avai |l abl e that woul d neet FAA approval, there should be a | onger
conpliance period for non-part 121 operations. This, coupled
with the likelihood of changes to the TSO (based on incom ng
coments) will have a direct inpact on the ability of current and
future TAWS manufacturers to develop and offer their products in
t he marketpl ace. For these reasons, NATA says that the FAA
shoul d provide a ten-year tinetable for part 135 on-demand air
charter operations.

The NATA al so states that, since the nost significant safety
benefits will occur with TAWS installation on part 121 airpl anes,
and since manufacturers wll have |limted production
capabilities, the enphasis should be on supplying equipnment to
part 121 operations. Also, a longer tinetable will all ow
“natural market devel opnent to help alleviate product supply,
installation, certification, and cost dilemuas through increased
manuf acturer conpetition and the ability to absorb the

substantial costs over tine.”
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The RAA requests the conpliance period be extended to a five
year period for all 30+ seat turboprop airplanes; a seven year
period for all 10 to 29 passenger seat turboprop airplanes; and
ei ght year period for all 6 to 9 passenger seat turboprop
ai rpl anes; and extended to Decenber 20, 2010, for all non-
transport category airplanes that are classified as 8§ 121. 157(f)
types that will be phased out of part 121 operations on the sane
dat e.

Li kewi se, Northwest Airlines requests that airplanes planned
for retirenment prior to 2008 be exenpt fromthe final rule. This
woul d al | ow Northwest to focus nore on accelerated installation
on airplanes in its long-termfleet plan.

The ATA comments that a one-year effective date after
publication of the final rule is necessary to accommodat e
realistic lead tinmes for the productions ranp-up for piece parts
and kits. The ATA also recommends that the final rule clearly
state that TAWsystens installed before the adoption of the final
rule will be considered conpliant. A related issue is whether
systens certificated and installed before the adoption of the
final rule without a color terrain display would be in conpliance
with the rule.

Trans World Airlines, in conjunction with ATA, believes that
t he NPRM public comment period should be connected to the TSO

public conment period for conplete project public coments.
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Japan Airlines comments that the effective date of the final
rul e should be fixed on the basis of the progress nmade in
manufacturing and installing TAW5, with special attention given
to retrofit issues, such as changing fromanalog to digital

FAA Response

In response to comments from NATA, RAA, ATA, and Japan
Airlines, the FAA does not believe that the rule should be
del ayed. Since the proposed rule was published, several other
manuf act urers have devel oped TAWS. The initial manufacturer, in
response to this conpetition, has already |owered the selling
prices of its TAWS products and has devel oped several snaller,
| ess expensive systens for ol der planes, both analog and digital.

When the FAA initially devel oped the conpliance schedule, it
took into account the production capability of only one
manuf acturer and the anticipated certification workload for the
FAA. Since then, additional manufacturers have been devel opi ng
and nmaki ng avail abl e additional products beyond what was
anticipated. Furthernore, TAWS manufacturers and airfrane
manuf acturers are obtaining STC s and nmaki ng them available to
custoners who install TAWS, thereby reducing the anticipated FAA
certification workload. Wen taking these two factors into
consideration, the FAAis convinced that the initially proposed
conpl i ance schedul e can easily be net.

In response to Northwest Airline’ s comrent about exenpting

ai rplanes planned for retirenent, the FAA does not agree. The
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coment er has not provided adequate justification as to why these
ai rpl anes shoul d be exenpted. Although Northwest Airlines may
intend to retire certain airplanes by 2008, there is no guarantee
that this will happen. Further, even if Northwest does retire
the airplanes, there is no guarantee that those airplanes will go
out of service permanently. They nmay be sold and used by others
and, therefore, wll need TAWS protection.
M scel | aneous Comment s

A commenter recomends that each airplane be given a rating
systemthat indicates that it has a GPWs on board. It would then
be up to the passenger to decide whether or not to fly on that
ai r pl ane.

FAA Response

The FAA does not think such a rating system woul d be
practical or workable. G ven the conplexity of all the equi pnent
required on the airplane, it would be difficult to convey to a
boar di ng passenger, how each piece of equipnent contributes to
the overall safety of the airpl ane.

Paperwor k Reduction Act

As required by the Paperwork Reduction Act of 1995 (44
U S C 3507(d)), the FAA has submtted a copy of these sections
to the Ofice of Managenment and Budget for its review. The
collection of information was approved and assi gned OvB Contr ol
Number 2120-0631. This final rule requires a Terrain Awareness

and Warning Systemfor all U S.-registered turbine-powered
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ai rplanes of 6 or nore passenger seating. TAWS is a passive,
el ectronic, safety device located in the avionics bay of the
ai rplane. TAWS alerts pilots when there is terrain in the
airplanes’ flight path. Since there is not an actual collection
of information, we cannot estimte a burden hour total and no
comments were received on this information collection subm ssion
However, for the purpose of controlling this subm ssion, we wll
assi gn an one-hour burden to the package. There is a total cost
estimate of 340 mllion dollars, for purchase and installation of
t he passive, electronic, safety device.

An agency may not conduct or sponsor and a person i s not
required to respond to a collection of information unless it
displays a currently valid Ofice of Managenent and Budget (QvVB)

control nunber.

I nternational Conpatibility

The FAA has reviewed corresponding International G vil
Avi ation Organi zation international standards and recomended
practices and Joint Aviation Authorities requirements. TAW is a
new systemrecently devel oped by Anerican industry. The FAA
intends to work through the | CAO process to harnonize this rule

with the international comunity.
Regul at ory Eval uati on Sunmary

Changes to Federal Regul ati ons nust undergo several econonic

anal yses. First, Executive Order 12866 directs that each federa
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agency shall propose or adopt a regulation only upon a reasoned
determ nation that the benefits of the intended regul ation
justify its costs. Second, the Regulatory Flexibility Act of
1980 requires agencies to analyze the economc effect of

regul atory changes on small entities. Third, the Ofice of
Managenent and Budget (OVB) directs agencies to assess the effect
of regulatory changes on international trade. And fourth, Title
Il of the Unfunded Mandates Reform Act of 1995 requires each
Federal agency, to the extent permtted by law, to prepare a
witten assessnent of the effects of any Federal mandate in a
proposed or final agency rule that may result in the expenditure
by State, local, and tribal governnents, in the aggregate, or by
the private sector, of $100 million in any one year. In
conducting these anal yses, the FAA has determned that this rule
is 2a significant regul atory action? under section 3(f) of
Executive Order 12866 and, therefore, is subject to review by the
O fice of Managenent and Budget. This rule is considered
significant under the regulatory policies and procedures of the
Department of Transportation (44 FR 11034, February 26, 1979).
This rule will have a significant inpact on a substantial nunber
of small entities, will not constitute a barrier to international
trade, and does not contain a Federal intergovernnental or
private sector mandate that exceeds $100 million in any one year.

Econom ¢ Eval uati on
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I ntroduction to Cost/benefit Analysis

Since the publication of the NPRM sone inportant
devel opments have occurred. The FAA recei ved extensive cost
i nformation during the coment period (detailed information
regardi ng the type of expenditures needed for specific airplane
nodel s and updated estimtes of the size of the affected fleet)
and devel oped alternatives to reduce costs while maintaining the
i ncreased | evel of safety expected from TAWS.

In response to the commenters, the FAA has exam ned ways to
reduce costs for smaller operators and still maintain the
increnental |evel of safety provided by TAWS. The FAA has
determ ned that a TAWS unit with significantly |ess conplexity
Wl nmeet desired safety objectives at |ower cost for all part
91, and for certain operators under part 135. The savings to
part 91 operators alone will be well over $200 mllion.

The aviation industry has already noved to retrofit a |large
percentage of the existing fleet, and has placed orders that
extend well into the future. The Air Transport Associ ation (ATA)
menber airlines in particular have announced a vol untary program
where they will equip their airplanes with TAWS. For donestic
United States operators, there have already been nearly 4,500
TAWS deliveries. Over 2,200 TAWS units ordered are backl ogged.
Nearly half of the airplanes operating under part 121 are already
in conpliance with this rule. Gven that ATA nenber airlines

voluntarily commtted to retrofit their in-service fleet and to
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order new airplanes equi pped with TAWS5, a significant portion of

i ncremental conpliance costs (and equi val ent associ ated benefits)
for current part 121 airplanes and all future equi pnent delivered
(i.e., future transport category airplanes) will not be counted
in evaluating the regulatory inpacts of this rul emaking.

The increnmental benefits and costs of the rul e depend on
several fleet related factors. To determne the affected fleet
the anal ysis begins wwth the existing fleet, subtracts expected
retirements, subtracts voluntary conpliance, and adds future
ai rplane deliveries that will be inpacted by the rule.

Estimtes of lifecycle benefits were cal cul ated on a per-
ai rpl ane basis and summed over all affected airplanes to obtain
an estimate of the expected fleet benefits. The cal cul ations
took into consideration passenger capacity, average |load factors,
proportion of fatalities given a CFIT accident, airplane val ue,
and nunber of flight hours (see foll ow ng discussion on part 121
for application of nethodol ogy).

The estimate of benefits and costs for TAWS is for the
overall rul emaki ng. However, since the benefit and cost inpacts
vary so widely across operators and equi pnent, specific equi pnment
costs and both benefits and costs for parts 121, 135, and 91 were
anal yzed separately and are presented accordingly. The part 135
benefits discussion is nore detailed than that of parts 91 and
121, given the re-evaluation of the part 135 accident data

included in this final rule.
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Part 121

The FAA' s dat abase provides the estimte for the overal
part 121 fleet of 6,907 airplanes, which includes 5,362 turbojets
and 1,545 turboprops. The ATA nenbership fleet of 4,569
ai rpl anes accounts for slightly nore than 85 percent of the part
121 jet fleet. The ATA and the Regional Airline Association (RAA)
provided the in-service part 121 fl eet expense by equi pnent type
incorporated in this analysis.

The FAA obtained information on the deliveries and orders
for TAWS fromAlliedSignal. As of May 31, 1999, AlliedSignal had
delivered 2,881 TAW5 units to United States donestic operators of
part 121 passenger and cargo airplanes and to original equi pnent
manuf acturers (CEMs). The FAA reduced the OEMs’ deliveries by
fifty percent (to account for overseas sales) as a rough estimte
of U S. new equipnment deliveries with TAWS units installed. For
Al l'i edSi gnal’s donestic backlog, the FAA included all operators’
orders and excluded all CEMs' orders (i.e., to be conservative,
since exact information on overseas orders is not available). In
total, 3,338 in-service part 121 airplanes have al ready been
equi pped with TAWS or have already placed orders with the
manuf acturer (based on data in md-1999; several hundred nore
ai rpl anes probably will have been equi pped by the date of
publication of the rule). O the 3,338 airplanes counted as
voluntarily conplying, 3,173 are turbojets and 165 are | arge

turboprops. Voluntary purchases of TAWS equi pnent before the
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i npl ementation of the rule are not assuned to be an expense
incurred due to regulation, but rather an independent industry
deci sion to enhance operational safety. Thus, both the expected
benefits and costs of this rule are reduced by the proportion of
ai rpl anes equi pped with TAWS (or on order with TAWS i ncl uded).

For future airplanes, voluntary conpliance has a substanti al
i npact on the affected fleet. Excluding ATA nenber fleets, the
remaining jets are 20 percent of the total part 121 jet fleet.
The future new delivery jet forecast averages 280 per year. The
estimated affected future jet fleet is then 20 percent of the
anticipated deliveries. Voluntary conpliance is nuch |ower for
part 121 turboprops than for jets. The proportion of total
t ur boprop equi pnment not in conpliance is nearly 70 percent.
Nevert hel ess, 30 percent conpliance results in a significant
reduction in the increnmental costs of future deliveries (i.e.,
fromthe standpoint of a "regul atory-required" cost-inpact).
Future turboprop deliveries are estinmated to average 100 per year
with the annual affected anount equaling 69 or 70 airplanes.
(This is a conservative assunption, since operators of nuch nore
than 30 percent of part 121 turboprops woul d probably elect to
equip their new airplanes with the nost current GPWS/ TAWS
equi pnent)

The part 121 affected fleet equals the remaining in-service
part 121 airplanes (i.e., after subtracting-out airplanes retired

and airpl anes under voluntary conpliance) conbined with newy
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manuf act ured airplanes estimated to be sold to operators who
woul d not have voluntarily conplied wwth this rule. The affected
in-service part 121 fleet equals 2,709 airplanes (or, 6,907
existing fleet, mnus 860 retirenents, and m nus 3, 338 airpl anes
under voluntary conpliance). The nunber of affected jets equals
1,644, |large turboprops 710, and small turboprops 355. Over the
2001 through 2010 period, future new deliveries are 560 jet
transports and 690 turboprop transports for a total of 1,250
airplanes. The total affected part 121 fleet thus equals

approxi mately 4,000 airpl anes.

There has been a reduction in the CFIT accident rate since
1974, when the FAA first required GPW5 in part 121 and certain
part 135 airplanes. However, sone risks remain--in part due to
differences in the capabilities of various generations of GPWS
technol ogies. Risk reduction estimates for 14 CFR part 121
operations are based on the Vol pe part 121/135 study and anal yses
of accident data by FAA and industry experts. These appraisals
are true nmeasures of risk reduction in that they fully consider
the effect of TAWS on accident outcones, rather than sinply
assunme that all accidents will be prevented. The analysis is
conplicated by the fact that two vintages of GPWS technol ogy were
enpl oyed during the period being studied. Although the NPRM
consi dered the TAWS i npact in conparison to both early and
current generation systens, this final rule analysis assunes that

all the airplanes currently equipped with the basic systemare in
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fact "one level higher" (i.e., have the current GPW5), a
significantly nore conservative assunption resulting in | ower
benefits. Ri sk reduction estimtes were cal cul ated by dividing
t he nunber of preventable accidents for a particul ar

ai rpl ane/ GPWS conbi nati on by the correspondi ng nunber of flight
hour s.

From an eval uation of part 121 accidents during the 10-year
period, 1986-1995, the Vol pe part 121/135 study concl udes t hat
TAW5S woul d have prevented 6 CFI T accidents involving turbojet
airplanes and 2 CFIT accidents invol ving turboprops.

Wth respect to turbojets, only one accident involved an
ai rpl ane equi pped with current-generation GPW5. However, the
Vol pe part 121/135 study concludes that in three other cases
(1 nvol ving airplanes equi pped wth early-generation systens),
current-generati on GPWs woul d not have prevented the accident.
TAWS woul d have prevented all four accidents. Therefore, the FAA
estimates the risk reduction potential of TAWS relative to

current-generation GPW5 is approxi mately 0.038 acci dents per

mllion flight hours (4 104.7 mllion flight hrs.). Wth

5

respect to the turboprops, both accidents would have been

prevented by TAWS, but not by GPW5; the conparable risk reduction
rate is 0.118 accidents per mllion flight hours (2 , 16.972
mllion flight hrs.).

After estimating the expected benefits for the fleet, total

estimated present value benefits depends on the expected life
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after installation. The total present value benefits of this
rule for part 121 airplanes equal nearly $494 mllion.

The FAA accepts the costs provided by the ATA for jets and
by the RAA for turboprops. The conbination of retirenents and
vol untary conpliance substantially changes the affected fl eet,
especially for the inpact on ATA nenber fleets operating in part
121. The FAA includes as part 121 operations all RAA turbine-
powered airplanes classified as |arge cargo and passenger
airplanes with nore than 30 seats, plus nearly all of the RAA
classified part 121/135 passenger airplanes with 10 to 29 seats.
Retirements reduce the proportion of older airplanes in the
fleet; these airplanes have the hi ghest average retrofit cost.

After retirenents and voluntary conpliance, the expected jet
fleet to be retrofitted equals 1,644 airplanes. Over the tinme
period 2001 to 2004, the present val ue expense of retrofitting
this fleet equal s $108,580,000. Simlarly, the present val ue
expense of retrofitting 355 10 to 29 seat airplanes is estinmated
to be $9,660,000. Finally, the present val ue expense to retrofit
30+ seat airplanes (includes large cargo) is estinated to be
$25, 390, 000. Over the period of 2001 to 2004 total present val ue
cost of retrofitting the affected fleet is equal to nearly $144
mllion.

In addition to retrofitting the existing fleet, new
airplanes will also incur the cost of installing TAWS. The FAA

received a wide range of estimates for the cost of installing
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TAW5 on new airplanes. Wereas the ATA cost estimate for new
production airplanes is nearly $25,000, this rule inposes only
the additional cost above the current GPWS equi pnent. The FAA
estimate of $13,000 increnental cost for jets equals an
incremental price increase of $10,000 for the TAWS, plus $1, 000
installation kit, plus additional |abor of $2,000. Future

t ur boprops woul d have had GPW5, so the increnental cost is the
rel evant estimate. The $3,800 turboprop i ncrenental cost equals
the incremental price increase of $2,000, plus $800 installation
kit, plus additional |abor of $1,000. There are no increnental
costs incurred for training, maintenance, and fuel with TAWS
versus GPW5

Over a ten year horizon for new deliveries, the present
val ue of increnental expense for jets is nearly $5 mllion and
for turboprops nearly $2 million. |f the horizon is extended an
additional ten years, the present value for new deliveries
i ncreases by approximately $3.4 mllion. The total present val ue
cost equals $144 million for retrofitted airplanes plus $7
mllion for new airplanes, or $151 nillion.

Wth estimated present val ue benefits of $494 nmillion and
present value costs of $151 nmillion, the rule is clearly cost-
beneficial for airplanes operated under part 121.

Part 135
Simlar to the case with part 121, increnmental benefits and

costs depend on several fleet-related factors, i.e., the existing
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fleet (and associated hours flown), expected retirenents,

vol untary conpliance, and non-conpliant airplane deliveries. For
t he purposes of this rul emaki ng, the cost/benefit anal ysis
separates airplanes with 10 or nore seats fromthose with 6 to 9
seats.

The part 135 fleet today is conposed of 2,455 airplanes with
6 to 9 seats, and 334 airplanes with 10 or nore seats. These
ai rpl anes are assuned to have a 4 percent retirenent rate.

There have been 421 TAWS units delivered to donestic United
States operators and origi nal equi pnent manufacturers (OCEMs) for
6 to 9 seat airplanes. Qperators have purchased 118 units and
have ordered an additional 5 units. Fifty percent of OEM
deliveries (152 of 303 total units) are assunmed to be delivered
to the existing 6 to 9 seat part 135 fleet. Thus froma fleet of
2,455 airplanes, 275 are estimated to have voluntarily conpli ed.
For the part 135 airplanes with 10 or nore seats (total fleet
equal s 334 airplanes), 25 TAWS units have been purchased by
operators and an estimated 111 units by OEMs.

After subtracting airplanes that are estimated to be retired
or in voluntary conpliance, the affected in-service fleet is
estimated to be 1,833 airplanes with 6 to 9 seats, and 171
airplanes with ten or nore seats.

Future annual airplane deliveries are assuned to equal five
percent of the affected in-service fleet. The affected fleet

equal s 3,616 airplanes through the year 2011
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One of the main criticisns of the part 135 cost/benefit
analysis in the NPRMwas that the FAA used parts 91 and 121
accident rates for 6 to 9 and 10 or nore seat part 135 airpl anes,
respectively. The main reason for this was that nost of the
| arger part 135 airplanes (those in schedul ed service) involved
in the CFIT accidents during the 1985 through 1996 anal ysis
period were "noved into” part 121 as a result of the 1995
commuter rule; thus the FAA excluded nost of these earlier "part
135 accidents” fromthe part 135 analysis. In addition, tinme
constraints negated analysis of CFIT accidents involving both the
| arger and smaller part 135 airplanes. Since publication of the
NPRM the Vol pe Center re-evaluated the accident data (docket
cont ai ns acci dent anal yses) involving part 135 airplanes, again
with the enphasis of assessing the effectiveness of TAWS conpared
to current generation GPW5;, the results of this analysis are
incorporated in the benefits discussion that foll ows.

Previ ous data on hours flown is "distorted” as a result of
the part 121/135 "shifts” described above. In addition, FAA
fl eet data show that there has been a significant decline in the
nunmber of 10 or nore seat turboprops and turbojets; there are
only 111 turbojets and 223 turboprops currently operating with 10
or nore seats in part 135. Thus, historical data on hours flown
had to be adjusted to reflect the definitional/regulatory change
in the part 135 category. The current level of activity is the

basis for evaluating future accident probabilities. The

75



relatively few relevant part 135 accidents (i.e., due to the re-
classification described above) and concomtantly fewer

postul ated future accidents logically reflect the reduced | evel
of activity.

As a proxy for hours flown by 6 to 9 and 10 or nore seat
part 135 airplanes (the data was and still is not avail able by
t hese specific size categories), the FAA used recently revised
data on air taxi operations fromits 1997 CGeneral Aviation and
Air Taxi Survey. The earliest year for which revised annual
hours are available is 1991. Since 1991 is approximately the
m d- poi nt of the 1985-96 acci dent eval uation period, hours flown
for 1991 was applied to the current nunber of part 135 airpl anes
in the two size categories to approximate total annual hours for
the fleet during the particular year(s) of the accident(s).

Only one avoi dable CFIT accident occurred involving a
passenger-carrying turboprop with 10 or nore seats (all are non-
schedul ed). That accident occurred in Beluga, Al aska on Decenber
22, 1989, and involved a Piper PA-31 airplane with 10 passenger
seats; only the pilot, who was killed, was on board - the
ai rpl ane was destroyed. Only TAWS woul d have prevented this
accident. Another accident involved a cargo airplane; that
accident occurred in Destin, Florida on May 16, 1991 and i nvol ved
a Cessna CE-208B airplane with 2 cockpit seats; only one pilot,
who was killed, was on board and the airplane was destroyed.

Only TAWS woul d have prevented this accident. Even though nost
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part 135 cargo airplanes are not covered by the TAWS rule, the
FAA believes it is appropriate to include this accident in the
anal ysis, since the sane nodel airplane could just as well have
been carryi ng passengers (circunstances involving a CFIT acci dent
woul d not differ between a cargo-carrying vs. a passenger-
carrying airplane).

Only one avoi dable CFIT accident occurred involving part
135, 10 or nore seat turbojets; the airplane involved was
configured for cargo only. The accident occurred in Mnroe,
Loui si ana on January 8, 1988, and involved a Learjet LJ-36A
airplane with two cockpit crewnrenbers on board, both of whom were
killed — the airplane was destroyed. Only TAWS woul d have
prevented this accident. The FAA believes it is appropriate to
include this accident in the analysis, since the sane nodel
ai rplane could just as well have been carryi ng passengers (see
di scussi on above re turboprops al so).

One avoidable CFIT accident occurred involving a passenger -
carrying turboprop with 6 to 9 passenger seats (covered by the
rul e whet her schedul ed or non-schedul ed). The accident occurred
in Casper, Wom ng on Decenber 22, 1989, and invol ved a
M t subi shi MJ 2B-35 airplane with 6 passenger seats; 4 persons
were on board and all were killed — the airplane was destroyed.
TAWS (and current GPWS) woul d have prevented this accident.

Two avoi dable CFIT accidents occurred invol ving passenger -

carrying turbojets with 6 to 9 passenger seats (covered by the
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rul e whet her schedul ed or non-scheduled). One accident occurred
in Gul kana, Al aska on August 20, 1985, and involved a Learjet LJ-
24D airplane wth 8 passenger seats; 3 persons were on board and
all were killed — the airplane was destroyed. TAWS (and current
GPWS) woul d have prevented this accident. The second occurred in
Juneau, Al aska on Cctober 22, 1985, and al so involved a Learjet
LJ-24D airplane, this one wwth 6 passenger seats; 4 persons were
on board and all were killed — the airplane was destroyed. TAWS
(and current GPWS5) woul d have prevented these accidents.

As noted earlier, lifecycle benefits per airplane equal the
annual i zed benefit for that airplane (which is a function of
seating capacity, load factor, annual flight hours, etc.)

di scount ed over the nunber of remaining years of service life.
Fl eet benefits, in turn, are conputed by sunmm ng per-airplane
Iifecycle benefits over all affected airplanes.

The results show benefits of $40.6 million for 6 to 9 seat
airplanes and benefits of $47.9 mllion for 10 or nore seat
airplanes for total part 135 benefits of $88.5 million.

The cost of TAWS equi pnent for part 135 airpl anes depends on
the class of TAWS equi pnment required for the specific group of
part 135 airplanes: Cass B for airplanes with 6 to 9 seats and
Class A for airplanes with ten or nore seats. The Cass B unit
does not require an air data conputer, radio altinmeter, or a
col or display; these conponents (required in the units now

identified as Class A) were largely responsible for the high
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conpliance costs in the NPRM for airplanes with 6 to 9 seats.

For newy produced 6 to 9 seat airplanes, the cost of TAWS equal s
the $7,000 unit price for TAWS plus $500 for installation. For
existing 6 to 9 seat airplanes, the total retrofit cost is
$12,500; this cost is conprised of a $7,000 price plus a dealer
mar kup of $2,100, installation cost of $1,400, and an esti nated
STC cost of $2,000. The FAA estimates that the rule’s
incremental unit cost per 10 or nore seat airplanes will equal
the 10 — 29 seat part 121 turboprop unit cost of $34,400. For
newy delivered airplanes with 10 or nore seats, the increnenta
cost for TAWS is the additional cost above the GPWS that these
ai rpl anes woul d ot herwi se have been equi pped with; this
incremental unit cost equals $3,800, conprised of a price

di fference of $2,000, installation kit of $800, and installation
| abor of $1, 000.

The total TAWS cost for part 135 operators equals the
increnmental unit cost nmultiplied by the affected fleet. The
present val ue cost of approximately $18 mllion for the in-
service 6 to 9 seat passenger airplanes, equals the affected
fleet distributed equally over the four years multiplied by a
unit cost of $12,500. Simlarly, the present val ue cost of
approximately $4.7 mllion for the in-service 10 or nore
passenger airplanes equals the affected fleet distributed equally
over the four years multiplied by a unit cost of $34,400. Over

the period 2000 to 2011, the increnental cost of 6 to 9 seat
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new y delivered airplanes equals approximately $7 mllion. Over
the sane period, the increnental cost for 10 or nore seat newy
delivered airplanes equals approximately $0.4 million. The total
present value cost for part 135 airplanes is $30, 121, 000.

Wth present val ue benefits of approximately $88 mllion and
present value costs of $30 million, the rule is clearly cost-
beneficial for part 135 airpl anes.

Part 91

The fleet referred to as the affected 14 CFR part 91
ai rplanes, for the purposes of this analysis, is an estimte of
the total affected fleet of U S. -registered turbine-powered
ai rplanes that are not affected by 14 CFR parts 121 and 135.

This fleet is estimated to be conprised of approxinately 6,000
turbojets and 6,000 turboprops and includes general aviation

ai rpl anes operating under part 91 (corporate, business, personal,
instruction, aerial application, and other), |arge airplanes
(having a seating capacity of 20 or nore or a maxi num payl oad
capacity of 6,000 pounds or nore) operating under 14 CFR part

125, and U. S.-registered airplanes operating under 14 CFR part
129. Whiereas the analysis of airplanes affected by parts 121 and
135 made use of specific airplane-category data, the anal ysis of
the affected part 91 fleet uses aggregate-level estinmates ow ng
to the difficulty of gathering airplane or nodel specific data on

ai rpl anes operating under part 91.
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Based on recent contacts with industry and gover nnent
sources, the FAA projects that approximtely 240 turboprops and
350 turbojets will be delivered each year to operators falling
under the 14 CFR part 91 group. Benefit and cost estimates for
new y manufactured airplanes are based on 10 years of deliveries.
The conclusions of this report, with respect to the benefit/cost
rati o for equi pping newly manufactured airpl anes, are not
sensitive to these forecasts.

Sonme voluntary efforts to install TAWS systens in part 91
ai rplanes are already occurring. According to FAA certification
officials and industry sources, STCs for TAWS have been approved
for the Beech C90, the Canadair CL-601, the Fal con 900B, and the
Qul fstream GV. @l fstream and Bonbardier will include TAWS as
standard equi pnent on new Gul fstreamV and d obal Express |ong-
range business jets. Oders for TAWS equi pnent for new part 91
ai rplanes total slightly nore than 160 units, or approximtely 30
percent of one year of deliveries.

Esti mates of the benefits of the rule are based on a Vol pe
part 91 study of 44 accidents that nmet all of the followng CFIT
accident criteria: 1) accident date between January 1, 1985 and
Decenber 31, 1994; 2) turbine-powered airplane having 6 or nore
passenger seats operating under 14 CFR part 91 flight rules; 3)
airplane in controlled flight at the tinme of accident; 4) al
ai rpl ane systens operating normally at tine of accident; and 5)

pilot(s) not inpaired.
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O the 44 accidents, 11 involved turbojets and 33 invol ved
tur boprops. Probable cause, as determ ned by the NTSB, was pil ot
error in all cases--principally through failure to maintain
proper altitude, use of inproper instrunment flight rules or
visual flight rules procedures, or poor planning/decision-mnmaking.
Contributing factors included weat her conditions and darkness in
many cases. In two accidents, the NTSB assigned parti al
responsibility to FAA air traffic control problenms. The 44
accidents resulted in 131 fatalities, 19 seriously injured
passengers, and destruction of 37 airplanes and substanti al
damage to 7 airplanes.

The Vol pe part 91 study determ ned that current-technol ogy
ground proximty warning systens coul d have prevented 33 of the
44 accidents (the 33 GPW5-prevent abl e acci dents accounted for 96
fatalities, 17 serious injuries, 18 mnor injuries, 27 destroyed
ai rpl anes, and 6 substantially-damaged airplanes). O the 11
accidents that were not likely to have been prevented by current-
technol ogy GPW5, the study found that 9 accidents could have been
prevented by TAWS. In total, therefore, TAWS coul d have
prevented 42 of the 44 accidents (all 33 of the accidents
preventable by GPWS and the additional 9). The 42 TAW5-
prevent abl e acci dents accounted for 126 fatalities, 19 serious
injuries, 26 mnor injuries, 35 destroyed airplanes, and 7
substantially danmaged airplanes. Total part 91 present val ue

benefits are $720.2 mllion. Adjusting (i.e., reducing) these
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estimated benefits by the 10 percent of the part 91 fleet
voluntarily conplying, results in benefits of approxi mtely $648
mllion.

Wil e there are sone nonrecurring costs, nost of the total
system costs include the equi pnment wwth installation, and the
operating and nai ntenance costs. The equi pnent cost is $7,000
for in-service or newy manufactured airplanes. The Cass B TAWS
unit (requiring significantly less interface with existing/or
needed upgraded avionics) dramatically reduces the expense to
part 91 operators fromthat reported in the NPRM Installation
cost is $3,500 for in-service airplanes and $500 for newy
manuf actured airplanes. The part 91 total present value cost is
$164.2 mllion.

Wth estimted present val ue benefits of $648 mllion and
present value costs of $164 nmillion, the rule is clearly cost-
beneficial for part 91 airpl anes.

Concl usi ons

On the basis of the preceding anal yses, the FAA concl udes
that, for each of the groups of affected airplanes operating
under parts 121, 135, and 91, the benefits of TAWS exceed their
costs. Total present value benefits of the rule are $1.23
billion, approximately 3.6 tines the cost of $345 million. The
benefit/cost ratios for the groups that are conposed primarily of
smal l er airplanes (parts 91 and 135, which have a | arge nunber of

6 to 9 seat airplanes) are high in large part because of the
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devel opment of the less costly O ass B TAW equi pnment that wll
be in effect under this final rule.
Final Regulatory Flexibility Determ nation and Anal ysis

The Regul atory Flexibility Act of 1980 establishes “as a
principle of regulatory issuance that agencies shall endeavor,
consistent with the objective of the rule and of applicable
statutes, to fit regulatory and informational requirenents to the
scal e of the business, organizations, and governnent al
jurisdictions subject to regulation.” To achieve that principle,
the Act requires agencies to solicit and consider flexible
regul atory proposals and to explain the rationale for their
actions. The Act covers a wide range of small entities,

i ncluding smal |l busi nesses, not-for-profit organizations, and
smal | governnental jurisdictions.

Agenci es nust performa review to determ ne whether a
proposed or final rule will have a "significant econom c i npact
on a substantial nunber of small entities.” |If the determ nation
is that it wll, the agency nust prepare a regulatory flexibility
anal ysis as described in the Act.

Recently, the Ofice of the Small Business Adm nistration
(SBA) published new gui dance for the use of Federal agencies in
responding to the requirenents of the Regulatory Flexibility Act,
as anended. Application of that guidance to this rule indicates

that it will have a significant inpact on a substantial nunber of
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smal | entities. Accordingly, a full regulatory flexibility
anal ysi s was conduct ed.

1. A description of the reasons why action by the agency is

bei ng consi der ed.

The agency is considering this action in response to a
hi story of controlled flight into terrain accidents, NISB
recomendati ons, and subsequent anal ysis perfornmed at the request
of the agency. This rule is an inplenentation of the agency’s

m ssion to inprove aviation safety.

2. A succinct statenent of the objectives of, and | egal basis,

for the rule.

The objective of this rule is to inprove aviation safety by
requiring the installation or retrofit of terrain awareness and
war ni ng systens on turbine-powered airplanes with six or nore
passenger seats.

The |l egal basis for the rule derives fromTitle 49 U S.C
44701 whi ch authorizes the FAA Adm nistrator to pronote the
safety of flight of civil aircraft in air commerce by
prescribing, in part, mninmm standards governing the design and
construction of aircraft, aircraft engines, and propellers, as
may be required in the interest of safety.

3. A description of the projected reporting, recordkeeping, and

ot her conpliance requirenents of the proposed rule.
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Record keeping will be mnimal. Record keeping and ot her
conpliance requirenents will be simlar to those for radio-
navi gation equi pnent that is currently in use.

4. An identification, to the extent practicable, of all rel evant

federal rules that may duplicate, overlap, or conflict wth the

final rule.

The FAA is unaware of any federal rules that would
duplicate, overlap, or conflict with the final rule.

5. A description and estimte of the nunber of small entities to

which the rule will apply.

Entities (both large and small) potentially affected by the
rul e i nclude manufacturers of transport category airplanes (North
American Industry Cassification System (NAICS) code 336411
"Aircraft Manufacturing"), manufacturers of ground proximty
war ni ng equi pment (NAI CS 334511 "Search, Detection, Navigation,
Gui dance, Aeronautical, and Nautical Systens and |Instrunents
Manuf acturing"), scheduled air carriers (NAICS 48111 and 481112
"Schedul ed Passenger Air Transportation” and "Schedul ed Frei ght
Air Transportation"), and nonscheduled air carriers (NAICS
481212, 481211, and 48799, "Nonschedul ed Chartered Freight Ar
Transportation,” "Nonschedul ed Chartered Passenger Air
Transportation,” and "Scenic and Sightseeing Transportation,

O her").
More specifically, the rule will affect many small entities

t hat operate turbine-powered airplanes seating six or nore
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passengers under 14 CFR part 91 (e.g., small businesses,
governnents, and individuals). There are thousands of operators
of such airplanes, and, therefore, potentially thousands of
entities representing hundreds of industries, organizations, and
institutions. Costs per entity will be dependent on the nunber
of airplanes affected and the (conparatively nodest) cost of
purchasing and installing Cass B TAWS equi pnent.

An addi tional group of small entities who operate under 14
CFR part 135 that is likely to be affected by this regulation
consi sts of operators of charter/on-demand air travel services,
smal | operators of scheduled air service, and fixed-base
operators (who often provide unscheduled air taxi service).
Charter/on-demand operators typically have relatively few
enpl oyees and | ow annual revenues. For this analysis the FAA
classifies entities with 1,500 or fewer enployees as a “snall
entity.” There are believed to be only about 60 out of the
approxi mately 2,800 part 135 operators that have nore than 1,500
enpl oyees, so that nore than 2,700 part 135 operators will be
classified as “small entities.” Half of these entities have |ess
than 8 or 10 enpl oyees. The actual financial inpact of the rule
on any one of these entities will depend on the nunber of
af fected airplanes operated and whether Class A or B TAWS
equi pnent will be required on these airplanes.

There are estimated to be nore than 100 part 121 air

carriers engaged in carrying passengers. Qut of this total, over

87



half are estimated to be small entities, based on having 1,500 or
fewer enployees. The actual financial inpact on these entities
wi |l depend on the nunber of affected airplanes and the cost of
purchasing and installing Cass A TAWS equi pnment. As noted in
previ ous discussions, a significant portion of the part 121 fl eet
operators, primarily the nenbers of the Air Transport
Association, is expected to voluntarily install the equi pnent
required by this rule. The entities voluntarily conplying with
the rule are assuned to bear no costs as a direct result of this
rul e.

6. Affordability Analysis

In response to public coments and snmal | business concerns,
the initial proposed rule has been nodified to reduce the
conpliance costs for operators with airplanes operating only
under part 91, and under part 135 with 6 and 9 passenger seats.
Most of these operators are expected to be small entities and
will benefit froma higher |level of safety with the | ower cost
Class B TAWS5 equipnent. In the initial NPRMregul atory
eval uation, the expected conpliance cost to part 91 operators was
estimated to be between $27,000 and $30, 000 per airplane. |In the
final rule, Cass B TAWS conpliance cost is estimted to be
slightly nore than $10,000 per airplane. As an estinmate of
affordability, for general aviation turboprops with fromone to
ni ne seats and one or two engi nes, average airplane values are

estimated to be $679, 000 and $572, 000, respectively. Thus the
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Cl ass B TAWS equi pnent for these airplanes will cost between 1.5
percent and 2.0 percent of these airplanes’ values. Wile it is
very difficult to specify how affordable this rule will be for a
small entity, the requirenent of Cass B TAW (rather than C ass
A TAW5) substantially reduces the conpliance cost for nmany snall
entities. Small entities which will be required to install d ass
A TAWS equi prent will incur significantly higher costs than those
required to install Cass B TAWS equi pnment. Lastly, those
operators engaged in chem cal/agricultural applications,
parachuting, and firefighting are excluded fromthe requirenents
of this rule. Mst of these entities have fewer than 1,500

enpl oyees and thus are classified as small entities under this
anal ysi s.

7. Conpetitiveness Anal ysis

In the aviation industry, particular conmercial market
segnents tend to be served by airplanes with simlar seat size
t hat operate under the same part of the CFR  For those markets
served only by operators who will install equipnent having
roughly equal cost, rmuch of the full cost of this rule could be
passed on to their custonmers. |In this case, there will be no
significant change in the conpetitiveness anong operators. For a
mar ket where conpetitors operate simlar size airplanes but with
different avionics, the cost incurred as a result of this rule
may differ significantly anmong operators. Operators of airplanes

with older avionics who will be required to install Cass A TAWS
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equi pnent are expected to incur higher costs than those operating
ai rplanes with newer equipnent. Depending upon the m x of

equi pnent serving a market, operators with ol der avionics

equi pnent nmay be | ess able to pass on nost of the cost of this
rul e.

8. Disproportionality Analysis

It is not clear that this rule inposes systematically higher
or | ower proportionate cost increases on smaller, as opposed to
| arger entities. The conpliance cost of the rule depends upon
the affected airplanes and how they are operated. The net i npact
on profitability to an operator may be affected by the costs
i nposed on conpetitors by the rule. The cost to an operator
rises as the nunber of airplanes increases. In terns of the
nunber of airplanes, the rule inposes proportional costs on
operators under part 91 and those operating airplanes with 6 to 9
seats under part 135. It is expected that these operators are
primarily small entities. The retrofit of Cass A TAWS equi pnent
will cost nore to operators of airplanes with ol der avionics
equi prent. The age of the avionics within an airplane is not
necessarily related to the size of the entity that operates the
ai rplane. Thus, the FAA can not specify whether this rule wll
have a di sproportionate inpact on small entities.

9. Description of Alternatives

The agency has considered a nunber of alternatives to the

rule. The FAA finds that the rule chosen will achieve a | evel of
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safety that is equivalent to or greater than that of the
alternatives considered, and do this at a | ower cost to the
affected entities.

The alternatives that have been consi dered can be grouped
into three categories:

Exclude small entities

Ext end conpliance deadline for small entities

Establish | esser technical requirenents for small entities

The FAA concludes that the option to exenpt small entities
fromall the requirenents of the rule is not justified. In fact,
as noted in the preanble and in Section Il of this docunent, the
accident history of part 91 operators (many of whom are snal
entities) fornms the basis of the NTSB' s recommendation to require
ground proximty warning systens on snaller turbojet and
turboprop airplanes. However, the final rule does permt the use
of TAWS equi pnent that neets the requirenments for Cass B
equi prent in TSO C151 in airplanes operating under part 91 and
for airplanes having 6 to 9 passenger seats operating under part
135. This requirenent is sonmewhat |ess stringent as well as
being less costly than the C ass A equi pnent required for part
121 operations and | arger airplanes operating under part 135;
bot h pi eces of equipnment provide the sane | evel of safety for the
TAWS functi ons.

The FAA al so considered options that will |engthen the

conpliance period for small operators. The FAA believes that the
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equi pnent chosen requirenent will place a nodest burden on snal
entities that arises from nmaki ng expenditures on equi pnment at an
earlier date. Small entities will have four years fromthe
effective date of the rule to conplete retrofit work. Delaying
the conpliance deadline beyond the current proposal woul d not
have resulted in significantly | ower downtinme or certification
costs. Rather, the additional cost incurred will equal the
nodest return on capital (that will be spent on TAWS equi pnent)
t hat woul d have been realized during the short time that the
operator m ght have postponed the retrofit. Lengthening the
conpliance period woul d have exposed airplane occupants to
significant safety risks for a |l onger period of tine.

Finally, the FAAis not in favor of conpliance options that
wll permt non-TAWS technol ogi es. For airplanes not equi pped
with any ground proximty warning system TAWS units will provide
up to 23% greater CFIT risk reduction over current-generation
GPW5 at very little additional cost. For operators of part 91
ai rplanes, the use of a TAWS that is nmade possible with the use
of data provided by GPS and an encoding altineter, as is now
permtted under the revised rule, will provide the benefits of a
TAWS at significantly |lower cost than with alternative
technologies. It is noted that, in the NPRM the present val ue
of total costs for the part 91 fleet was estimated to be $415
mllion. Under the final rule, these costs are estinmated to be

$164 mllion, less than 40 percent of the level that would have
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been i nposed under the initially proposed rule. It is estinmated
that several thousand part 91 operators will be affected by this
rule. Simlarly, approximtely 2,800 part 135 (air taxi and
simlar) operators will be affected, as will approxinmately 100
part 121 (air carrier) operators. The precise inpact on a
particul ar operator will depend on the nunber of turbine-powered
ai rpl anes operated and will be larger for operators with greater
nunbers of airpl anes.

The FAA has determned that this rule will inpact smal
entities, has analyzed the inpact of this rule on small entities,
and has made efforts to reduce the inpact. There are literally
t housands of firms with less than 1,500 enpl oyees that wll be
affected by this rule. Mre than 1,000 of these firns are
expected to have fewer than 10 enployees. In response to public
comments and with the availability of new technol ogy, the FAA
will require a substantially |ess expensive and easier to instal
TAWS for part 91 and sone part 135 operators. It is expected
nmost of the reduced conpliance cost will benefit small entities.
I nternational Trade I npact Assessnent

Recogni zi ng that domestic regul ations often affect
international trade, the Ofice of Managenent and Budget directs
Federal Agencies to assess whether or not a rule or regulation
w il affect any trade-sensitive activity. It is recognized that
the rule could potentially affect international trade by

bur deni ng donestic businesses or air carriers with requirenents
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that are not applicable to their foreign conpetitors. In
general , the FAA believes potential international trade inpacts
associated wwth the rule will be negligible. Mny donestic and
foreign air carriers are already voluntarily installing TAWS
equi pnent in recognition of the substantial safety benefits. A
summary of potential inpacts follows.

Potential inpact to donestic airplane manufacturers.

The FAA believes that the rule wll have a negligible effect
on the conpetitive position of donestic airfranme manufacturers.
Under the rule, donestic manufacturers could continue to offer
basic GPW5 units on airplanes sold to foreign custoners (if the
airplane is not U S.-registered). Foreign airfranme
manuf acturers, on the other hand, will be required to equip
airplanes sold to U. S. custoners (operating under 14 CFR parts
91, 121, or 135) with TAWS.

Potential inpact to donestic airplane |leasing firns.

Donestic firnms leasing aircraft to foreign operators may be
adversely affected by the part 91 provisions of the rule.
Donestic | easing conpanies, for liability reasons or to position
t hensel ves to |l ease to both 14 CFR part 121 and foreign carriers,
often choose to maintain U S.-registered fleets. Thus, their
| ease prices may reflect TAWS retrofit costs while the prices of
foreign conpetitors may not. (In sone cases, the lessee is

directly responsible for nodifications required by airworthiness
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directive or regulations--but in either case the disincentive
effect is the sane).

G ven the small cost of TAWS relative to average airpl ane
val ues, however, the FAA believes the potential international
trade inpact to be snmall. Al so, TAWS equi pped airplanes will be
safer and thus nore attractive to potential |essees--and their
passengers. Increased patronage attributable to the operation of
safer airplanes will also partially offset the costs of
conpl i ance.

Potential inpact to donestic air carriers.

The potential inpact to air carriers is, again, a function
of the aircraft registration. Foreign air carriers operating
US. -registered airplanes will be required to install TAWS as
will US air carriers. To this extent, operators of U S
regi stered airplanes will have costs that may not be required of
non-U. S. registered conpetitors. Again, however, TAWS equi pnent
costs will be a very small fraction of in-service airplane
val ues, provide a known safety feature, and represent a
negligi ble portion of new airplane values. Also, CFIT accidents
are a |l eading cause of commercial aviation fatalities worldw de.
It is likely that know edgeabl e passengers woul d pay the snal
difference in price to travel on an airplane equi pped with TAWS.
Vol untary industry initiatives to install enhanced ground
proximty warning systens are consistent with the view that TAWS

benefits far exceed its costs, and could have beneficial effects
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for donestic airlines conpeting for international passenger
traffic.
Executive Order 13132, Federalism

The FAA has anal yzed this final rule under the principles
and criteria of Executive Order 13132, Federalism The FAA
determ ned that this action will not have a substantial direct
effect on the States, or the relationship between the national
Governnment and the States, or on the distribution of power and
responsi bilities anong the various |evels of governnent.
Therefore, the FAA has determned that this final rule does not
have federalisminplications.
Unf unded Mandat es Ref or m Act

Title I'l of the Unfunded Mandates Reform Act of 1995 (the
Act), enacted as Pub. L. 104-4 on March 22, 1995 (the Act),
codified in 2 U S C 1501-1571, requires each Federal agency, to
the extent permtted by law, to prepare a witten assessnent of
the effects of any Federal mandate in a proposed or final agency
rule that may result in the expenditure by State, l|ocal, and
tribal governnments, in the aggregate, or by the private sector
of $100 million or nore (adjusted annually for inflation) in any
one year. Section 204(a) of the Act, 2 U S.C 1534(a), requires
t he Federal agency to devel op an effective process to permt
timely input by elected officers (or their designees) of State,
| ocal, and tribal governments on a proposed “significant

i ntergovernnental mandate.” A “significant intergovernnenta
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mandat e” under the Act is any provision in a Federal agency

regul ation that will inpose an enforceable duty upon State,

| ocal, and tribal governments, in the aggregate, of $100 mllion
(adjusted annually for inflation) in any one year. Section 203
of the Act, 2 U S. C. 1533, which supplenents section 204(a),
provi des that before establishing any regulatory requirenents
that mght significantly or uniquely affect small governnents,

t he agency shall have devel oped a plan that, anong other things,
provides for notice to potentially affected small governnents, if
any, and for a nmeaningful and tinely opportunity to provide input
in the devel opnment of regul atory proposals or rules.

This final rule does not contain a Federal intergovernnenta
or private sector nandate that exceeds $100 million in any one
year .

Envi ronnent al Anal ysi s

FAA Order 1050. 1D defines FAA actions that may be
categorically excluded from preparation of a Nationa
Environnmental Policy Act (NEPA) environmental assessnent or
environnmental inpact statenent. |n accordance with FAA O der
1050. 1D, appendi x 4, paragraph 4(j), this rul emaki ng action
qualifies for a categorical exclusion.

Ener gy | npact
The energy inpact of the notice has been assessed in
accordance with the Energy Policy and Conservation Act (EPCA)

P.L. 94-163, as anended (43 U. S.C. 6362) and FAA Order 1053.1
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It has been determned that the final rule is not a major
regul atory action under the provisions of the EPCA
Li st of Subjects

14 CFR Part 91 and 135

Aircraft, Aviation safety.

14 CFR Part 121

Aircraft, Aviation safety, Safety.

The Amendnent
In consideration of the foregoing, the Federal Aviation
Adm ni stration anmends parts 91, 121, and 135 of Title 14 Chapter

1, of the Code of Federal Regulations as foll ows:

PART 91 -- GENERAL OPERATI NG AND FLI GHT RULES

1. The authority citation for part 91 continues to read as
fol |l ows:

Authority: 49 U.S.C. 106(g), 1155, 40103, 40113, 40120,
44101, 44111, 44701, 44709, 44711, 44712, 44715, 44716, 44717,
44722, 46306, 46315, 46316, 46504, 46506-46507, 47122, 47508,
47528-47531, articles 12 and 29 of the Convention on

International Cvil Aviation (61 stat. 1180).

2. Section 91.223 is added to read as foll ows:

8§ 91.223 Terrain awareness and warni ng system
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(a) Airplanes manufactured after March 29, 2002. Except as

provi ded in paragraph (d) of this section, no person may operate
a turbine-powered U.S. -registered airplane configured with six or
nor e passenger seats, excluding any pilot seat, unless that

ai rplane is equi pped with an approved terrain awareness and
war ni ng systemthat as a mninmum neets the requirenents for C ass
B equi pnent in Technical Standard Order(TSO -C151.

(b) Airplanes manufactured on or before March 29, 2002.

Except as provided in paragraph (d) of this section, no person
may operate a turbine-powered U S. -registered airplane configured
Wi th six or nore passenger seats, excluding any pilot seat, after
March 29, 2005, unless that airplane is equi pped with an approved
terrain awareness and warni ng systemthat as a mninum neets the
requi renents for C ass B equi pnent in Technical Standard

Order (TSO) - C151.

(Approved by the Ofice of Managenent and Budget under control
nunber 2120- 0631)

(c) Airplane Flight Manual. The Airplane Flight Manual

shal | contain appropriate procedures for--
(1) The use of the terrain awareness and warning system and
(2) Proper flight crew reaction in response to the terrain
awar eness and warni ng system audi o and vi sual war ni ngs.

(d) Exceptions. Paragraphs (a) and (b) of this section do

not apply to-
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(1) Parachuting operations when conducted entirely within a
50 nautical mle radius of the airport fromwhich such | oca
flight operations began.

(2) Firefighting operations.

(3) Flight operations when incident to the aeri al

application of chem cals and ot her substances.

PART 121 -- OPERATI NG REQUI REMENTS; DOVESTI C, FLAG AND
SUPPLEMENTAL OPERATI ONS

3. The authority citation for part 121 continues to read as
fol |l ows:

Authority: 49 U.S.C. 106(g), 40113, 40119, 44101, 44701-
44702, 44705, 44709-44711, 44713, 44716-44717, 44722, 44901,
44903- 44904, 44912, 46105.

4. Section 121.354 is added to read as foll ows:

8 121.354 Terrain awareness and warni ng system

(a) Airplanes manufactured after March 29, 2002. No person

may operate a turbine-powered airplane unless that airplane is
equi pped with an approved terrain awareness and warni ng system
that neets the requirenents for C ass A equipnment in Technical

Standard Order (TSO) -Cl151. The airplane nust al so include an

approved terrain situational awareness display.

(b) Airplanes manufactured on or before March 29, 2002. No

person may operate a turbine-powered airplane after March 29,

2005, unless that airplane is equi pped with an approved terrain
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awar eness and warni ng systemthat neets the requirenents for
Class A equipment in Technical Standard Order (TSO) -Cl51. The
ai rpl ane nust al so include an approved terrain situational

awar eness di spl ay.

(Approved by the O fice of Managenent and Budget under control
nunber 2120- 0631)

(c) Airplane Flight Manual. The Airplane Flight Manual

shal | contain appropriate procedures for--
(1) The use of the terrain awareness and warning system and
(2) Proper flight crew reaction in response to the terrain

awar eness and warni ng system audi o and vi sual war ni ngs.

5. Section 121.360 is anended by addi ng paragraph (g) to
read as foll ows:
8§ 121.360 G ound proximty warning-glide slope deviation

alerting system

* * * * *

(g) This section expires on March 29, 2005.

PART 135 -- OPERATI NG REQUI REMENTS: COMMUTER AND ON- DEMAND

OPERATI ONS
6. The authority citation for part 135 continues to read as

foll ows:
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Authority: 49 U S.C. 106(g), 44113, 44701-44702, 44705,

44709, 44711-44713, 44715-44717, 44722.

7. Section 135.153 is anended by addi ng paragraph (f) to
read as foll ows:
§ 135.153 Ground proximty warning system

* * * * *

(f) This section expires on March 29, 2005.

8. Section 135.154 is added to read as fol |l ows:
8§ 135.154 Terrain awareness and warni ng system

(a) Airplanes manufactured after March 29, 2002:

(1) No person may operate a turbine-powered airplane
configured wwth 10 or nore passenger seats, excluding any pil ot
seat, unless that airplane is equi pped with an approved terrain
awar eness and warni ng systemthat neets the requirenents for
Cl ass A equipment in Technical Standard Order (TSO) -Cl151. The
ai rpl ane must al so include an approved terrain situational
awar eness di spl ay.

(2) No person may operate a turbine-powered airplane
configured wwth 6 to 9 passenger seats, excluding any pilot seat,
unl ess that airplane is equipped with an approved terrain
awar eness and warni ng systemthat neets as a m ni numthe
requi renents for Cass B equi pnent in Technical Standard

Order (TSO) - C151.
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(b) Airplanes manufactured on or before March 29, 2002:

(1) No person may operate a turbine-powered airplane
configured wwth 10 or nore passenger seats, excluding any pil ot
seat, after March 29, 2005, unless that airplane is equipped with
an approved terrain awareness and warning systemthat neets the
requi renents for Cass A equi pnent in Technical Standard O der
(TSO -C151. The airplane nust al so include an approved terrain
si tuational awareness display.

(2) No person may operate a turbine-powered airplane
configured wwth 6 to 9 passenger seats, excluding any pilot seat,
after March 29, 2005, unless that airplane is equipped with an
approved terrain awareness and warning systemthat neets as a
m ni mum the requirenents for C ass B equi pnent in Techni cal
Standard Order TSO C151.

(Approved by the O fice of Managenent and Budget under control
nunber 2120- 0631)

(c) Airplane Flight Manual. The Airplane Flight Mnual

shal | contain appropriate procedures for--
(1) The use of the terrain awareness and warning system and
(2) Proper flight crew reaction in response to the terrain

awar eness and war ni ng system audi o and vi sual war ni ngs.

| ssued i n Washi ngton, DC, on March 23, 2000.

Jane F. Garvey

Admi ni strator
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